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INTRODUCTION

The SAS computer model was developed by JAYCOR to assist in the

evaluation of survivability and security of weapon movement within the TNF
(Theater Nuclear Forces). In performing this work, it was quickly discovered
that many scenarios involved both security and survivability considerations.
The interplay between security and survivability was often so tightly knit

that analysis of the two factors independently would not provide a realistic

solution. For example, consider the case of a ground movement scenario which
involves the attack on a ground convoy by a land based special operations team
(SOT). The objective of the SOT is to destroy or inflict sufficient damage to

the weapons being transferred as to render them inoperative.

Survivability models have been developed which will evaluate the damage
delivered to these weapons from sustained direct or indirect fire. Likewise,
security models will enable the analyst to evaluate the number of defense and
attack personnel incapacitated during engagement. Unfortunately, in our
investigation of available computer models used to solve problems of this
nature, we were unable to locate a model which would adequately combine the

aspects of security and survivability in a realistic manner.

In general, security models simulated force—-on-force engagement
encounters, concentrating on attack force personnel firing at defense

personnel and vice versa. We were unable to find a security model which could

evaluate personnel firing at a combination of "material” type targets and

“personnel” type targets.

Survivability models which were investigated permitted analysis of both
material and personnel type targets; however, they did not allow for
modification in defense force or attack force strategy. Realizing these
deficiencies, an attempt was made to develop a methodology which would
integrate necessary components of survivability and security, providing damage
analysis for both material and personnel targets, as well as allowing the

analyst to modify defense and attack force strategy. The methodology to




combine both key survivability and security concerns has been developed and

implemented into a computer model called SAS (Stand-Off Attack Simulation).

The objective of this report is to familiarize the reader with the
methodology, use, and potential application of the SAS computer model. SAS
analysis methodology is described in Section 1. This section also includes a
description of specific areas of model application, a discussion of the
advantages and disadvantages of the modeling technique used, and a list of
possible improvements to the model which would simplify data input, increase

simulation detail, and expand the areas of possible model application.

A summary of input required to execute the SAS model is presented in

Section 2.

Section 3 describes an example scenario in detail. This scenario will be
used to illustrate a possible application of the SAS model and step the user
through an example execution. All input data is described in the text and
examples of simulation output is included. The usefulness of SAS output data
is best illustrated through an example such as that provided in Section 3.

For this reason, this section also contains a description of the type of

output data generated.

Section 4 contains a terminal session description for the example
scenario outlined in Section 3. This section steps the user through the SAS
execution of the example scenario, illustrating the interactive questions used
to obtain input data and the format used to enter input data in responsé to

each question type.

Appendix A contains sample standardized input data forms which are used
to describe the detalls unique to a particular analysis. Following the blank
data forms are completed forms showing all data required to perform execution

of the example scenario described in Section 3.

Appendix B provides a description of the SAS model flow structure. Also

included are descriptions of the expected storage requirements, operating
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system, source language used, and description of the computer system on which

the code is currently installed.

Appendix C contains a fully documented code listing of the SAS model,
including all subroutines used (excluding system furnished routines) and the
INCLUDE file. The INCLUDE file contains parameter values which define the

size of arrays and constants used within the SAS model.

Appendix D contains additional mathematical detail not provided in

Section 1.




SECTION 1

ANALYSIS METHODOLOGY

1.1 BACKGROUND

SAS is a two-dimensional simulation engagement model. Engagements
involve the analysis of opposing force personnel and may include damage to

selected material targets if desired. Attack force personnel and material

targets are assumed to lie in a geometric plane parallel to the plane

4 containing defense personnel and material targets (Figure 1.1). Movement of
personnel and material targets is permitted during the simulation provided all
movement is in either a horizontal or vertical direction within the respective
attack and defense force plane. The sizes of personnel and material targets
are governed by the vulnerable cross—sectional area of the target as viewed

from the opposing plane. Targets, either of personnel or material type, are

described in terms of rectangular shapes. Target position is specified

relative to a fixed origin by x and y coordinate values corresponding to the

lower left-hand corner of the rectangular target.

Attack or defense force fire is directed toward aim points located in the

opposing force reference plane. Aim points are generally located in the

center of an opposing target; however, they need not be directly related to

any target nor appear within any opposing target area. This flexibilicy

permits SAS to simulate “"scattered” weapon fire from either attack or defense

force personnel.

1.2 MODELING TECHNIQUE

The model uses Monte Carlo sampling techniques to determine the

probability a given target is hit by opposing weapons fire. To obtain the

probability that a player, firing at a particular aim point, may hit a

particular target, a given number of shots are fired by the player at the aim

point. The number of times the target is hit is divided by the total number

of shots fired (refer to Figure 1.2). Once probabilities of target hit have
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TARGET

\

AIM POINT

Z(Number of shots hitting target)

P(Target is hit)= :
Total number of shots fired

2 .
=5 = .33, for this example.

where,

r - Defines the radius of a circle around the aim point within which one-

half of all shots fired are expected to land .

* = Denotes a sample hit point selected at random.

Figure 1.2 Monte-Carlo Techniques Used to Evaluate Probability of Hit

12




o pe niwamee ol KNG Wk s i o X e O g Y e et e

P werepre o

! been determined for all possible players, aim points, and targets, these hit
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probabilities are used to modify the probability that a particular target will

still exist with time. An event scheduling array is maintained which allows

o

SAS to identify the next event to occur. An “"event” can be any one of the

following:

e a player may be selected to fire;

e a player may select a new weapon to fire, or the firing rate of

the player's weapon may be modified;

e an aiming delay may be specified before a particular player may

fire his next round;

e a player or target may stop or start moving in a different

direction;

e the strategy of a particular player may change (i.e., a modified

set of aim points may be eelected for a particular player);
e the cover provided a target may change.

Strategy for attackers or defenders is defined by assigning a set of aim

‘ points, which are ordered by priority for each attacker or defender involved j
in the simulation. The probability that an attacker will continue to fire at

2* a specific aim point is proportional to the probability that the primary |

target associated with that aim point is not destroyed.

SAS begins by computing probabilities of target hit by use of Monte Carlo

techniques for each possible combination of firer, aim point, and target.
These probabilities are stored in a three-dimensional array, denoted by

PNF,NAM,NT, where NF is the maximum number of firers, NAM is the number of
possible aim points, and NT is the number of possible targets.

P
1,5,k
contains the probability firer i fires at aim point j and hits target k.

In order to compute each Pi i,k a specified number of shots are fired at
’ *

13
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aim point j. Each shot fired is assumed to follow a Rayleigh distribution
with an aiming error defining the firer's accuracy. The Rayleigh distribution

# function is given by:
b

® oo ( 2 2
- r -r’/2s°)
_‘ PI— /; —;—2- e dl‘

where r is the distance from the aim point and P_ is the probability that the

1
}i shot fired lands within a circle of radius r centered around the aim point.

}ﬁ For purposes of the SAS model, aiming error is defined as the radius of a

circle in which one half of the shots fired are expected to land. The "hit

point” of each shot within the opposing force reference plane.is expressed by

I

'ﬁ x and y coordinates relative to the reference plane origin. To generate x and
y coordinates from the Raleigh distribution, uniform random variables are

; generated. These uniform random variables are then transformed to normal

random variables having mean U =0 and variance O =.8493r. The variance o,

vi expressed as a function of r, is used to insure that the expected probability

“ of a shot landing within r distance of the aim point is 0.5. Refer to

Appendix D for the detailed description of how random variables are generated

from the Raleigh distribution.

Factors which effect aiming error are divided into four categories:
mechanical, environmental, human, and "other”. Mechanical factors would

include the weapon bench CEP, amount of weapon recoil, anomalies in the

{‘ symmetrical weight of the round fired and the trueness of the bore of the

‘ weapon barrel, for example. Wind (which could effect projectile flight), the
degree of darkness (i.e., daylight, dusk, twilight, etc.), fog, terrain, or
smoke (which could reduce the probability that the firer selects the proper
aim point at which to fire) would be considered as environmental factors.
Human factors would include the amount of training the firer has had, the

recency of training, and the effects of stress on the individual.

Other factors which affect aiming error include:

e the amount of time available to the firer to aim between rounds

fired,

Ea o Lo
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o the degree of which either the firer or the target is moving,

e possible target camouflage,

e distance between firer and target,

e firer's weapon type,

e maximum effective range of weapon.

SAS uses deterministic techniques to combine the target hit probabilities

generated by Monte Carlo methods into the probability a certain target exists

after N seconds have elapsed from the start of the simulation. The

probability that a given set of targets exists with time can be combined to

i yield the expected number of targets destroyed with time.

| SAS maintains a one-~-dimensional array which contains the probability that
each target involved in the simulation exists with time. The probability of
- existence for a given target is modified whenever a member of the opposing

3 force is selected to fire and may either hit the target directly or inflict
damage to the target collaterally. If a firer is selected to fire and may hit
the target directly or indirectly, the probability that the target exists

after the firer fires his first shot is modified by the probability that the

= target 1s not destroyed by the firing event. Let P;E = P(the target exists
‘ before firing event occurs). For the direct hit situation, P;EI is computed

to reflect the probability that the target still exists after the firing event

occurs as follows:

t+l t
Pre PTE( 1. PASPFEPTH)
where:
t+1
PTE = Probability target exigts after shot is fired.

P;E = Probability target exists before shot is fired.

15
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PAs = Probability that this particular aim point is selected.

PFE = Probability that the firer still exists to fire (i.e., the

probability that this firer has not been destroyed previously).

PTH = Probability that the target is hit given the firer fires at the

particular aim point.

Recall that the probability a given target (i) is hit, assuming a particular

firer (j) fires at a particular aim point (k), has been computed previously

I and is stored in P P, may be replaced by P when refering to a

g i,j,k’ TH i, 3,k
P specific target, firer, and aim point.
2
: |
' AS FE'T

,i The variables enclosed in parentheses, 1.-P, _P__P 0’ represent the

i probability that the target is not destroyed by this shot. Thus, the
: probability the target exists after the shot is fired is equal to the
probability it exists before the shot is fired multiplied by the probability

that the target is not destroyed by this shot.

Whenever a firer is selected to fire, he may have more than one aim point
at which to fire. Assume that N contains the number of aim points that the
firer may select. Then the probability that target i exists after firer k

fires his shot is expressed by:

N
t+l _ ¢t _
Pi = Pikgl(l. PkPij)

where:

P§+1 = P(target i exists after firer j fires the shot)

PI = P(target i exists before firer j fires the shot)

f Pk = p(firer j selects aim point k to fire at)

! 16
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Pj = P(firer j exists to fire)

Pm = P(target i is hit if firer j fires at aim point k)

This expression can be further reduced to:

t+l t t N
P, = NP, - PinEIPkPm

To analyze the effect of indirect target damage, the probability that the

target exists may be expressed as:

M N
t+1 t

P =3P (L. -P,3 PP)
i =n & ko

where:
t+1

Pi , Pj’ Pm’ Pk’ and N have been described previously,

M = Number of targets which if hit would result in collateral damage to
target i,

P; = P(that target n exists before firer j fires next shot), where target
n is a target which if hit causes collateral damage to target i,

Pm = P(cthat firer j fires at aim point k and hits target n), and

N = Number of aim points that fiter j may fire at and hit target n.

Probabilities of target existence are mcdified as the simulation
progresses by both the direct hit and indirect hit expressions. After the
simulation time reaches the maximum time desired by the analyst, the
simulation model stops and lists the probability of target existemce for each

target involved in the simulation. The analyst may also list the probability

17
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of target existence at intermediate times during the simulation.

After probabilities of target existence have been developed, targets
possessing similar characteristics (such as defense or attack force personnel)
can be grouped together and the expected number of targets destroyed or
damaged can be calculated over time. This allows the analyst to estimate the
expected size of the remaining defense force or attack force at preselected
points in time. Any targets, such as number of vehicles destroyed, number of
(nuclear) weapons damaged, etc., may be grouped in this manner with their

expected number remaining with time calculated.

Standard conditional probability techniques are used to determine the
expected number of grouped targets that are destroyed at a particular point
since the beginning of the simulation. Assume that the array Pi for 1 = 1,N
contains the probability that attack force personnel 1 through N exist after
10 seconds have elapsed in the simulation. From this data, it is possible to
obtain the expected number of attack force personnel which have been killed.
First, the probability thar exactly r attack force personnel remain after 10
seconds is computed. For this example, r would range from r = 0 (no attack

personnel remain) to r = N (all personnel remain). Let Pr = P(exactly r

N
attack personnel remain). Pr=0 = T (1 - Pi)’ which is the probability that
i=1

attacker 1 has been killed x probability that attacker 2 has been killed x
«..probability that attacker N has been killed. The computer can rapidly

evaluate all combinations required to generate Pt for each possible value of r.

After all Pr values have been obtained, the expected number of attack

force personnel killed (denoted by Ek) is evaluated via the expression:

by definition of expected value.
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For a more complete description of the methodology used by the SAS
computer model, the user is requested to read the documentation provided

within the computer code listing, Appendix C.

1.3 SPECIFIC AREAS OF APPLICATION

The SAS code is a generalized survivability model applicable to a wide
variety of situations in which adversaries fire weapons at guards and at
critical system components from prescribed distances. This includes scenarios
involving ambush of a ground or air convoy, mortar or RPG attacks on a fixed
site during outloading or maintenance, missile or bombing attacks on a secured
fixed site, and attacks by any kind of stand-off weapon on unhardened field
sites or dispersal locations. The model is specifically not applicable to
attacks involving theft or sabotage of a covert nature. The computer model
PANL (Path ANaLysis, Reference 3) should be used for covert or stealth type

attacks.

Specific applicability of the model to a large number of situations with

currently deployed or under—-development weapon systems is foreseen. These

potential applications are discussed in a general way in the following

paragraphs. Included in the discussion are Pershing, Lance, and the Ground
Launched Cruise Missile (GLCM).

Pershing, because of the requirement for quick reaction capability, is
vulnerable at QRA (Quick Reaction Alert) sites to conventional bombing or to ﬁ
attack by terrorists or special operations teams (SOT) using a variety of
weapons. Mortars, rocket propeiled grenades, missiles, automatic and
semi-automatic weapons and small arms are a few of the weapons which ﬁ
terrorists or SOTs might use in attacking QRA sites from a standoff position.

Trucks, tanks, helicopters or fixed-wing aircraft might be used in the attack.

SAS is applicable to the analysis of Pershing QRA sites when various

types of survivability or security enhancements are being considered. Berms,
revetments, and various types of soft and semi-soft shelters may be analyzed.
Armored blankets and personnel shelters or armored fighting positions may be

F included in the analysis as well.
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The attack modes described above may be mounted against other systems
during uploading for dispersal or for non-emergency relocation. GLCM and

LANCE must be mobilized and formed into convoys for dispersal, and smaller

TR

weapons, whether or not they are protected by armored storage containers,
undergo a period of high vulnerability when they are removed from igloos and
loaded onto trucks, helicopters, or aircraft. A well-planned standoff attack,
timed to coincide with a dispersal or relocation operation, could constitute a
i} significant threat during the period when efficient mobilization for war is
imperative. Analysis of scenarios involving this kind of attack, with

variation on mobilization and dispersal procedures and equipment, could

provide significant improvement.

The standoff mode of attack is the one most likely to be used against

Pershing, Lance, or GLCM while in convoy to deployed positions or while hiding

T A )

in the woods. Such an attack requires less detailed planning by an agressor

than does a penetration attack, and there is less risk to him. He will
: maintain his position at a distance from the target, and thus will be able to
escape more easily. This is true whether the attacking weapons are bombs,

i missiles, or long-range rifles, and whether the adversary mobility is by

aircraft, trucks, or on foot.

It seems apparent that SAS could and should be used to analyze the

vulnerability of real systems to a number of real threats. Improvement

?; options now under development could be analyzed to determine whether they
provide increased survivability under attack situations which are highly
credible. We believe that SAS can provide a useful methodology in a realm
which bridges the area between the security threat and considerations which

have totally to do with survivability.
1.4 ADVANTAGES OF THE SAS MODEL

The SAS computer model offers the analyst complete control over all
parameters which significantly effect the outcome of a small scale engagement
situation. The SAS model accomplishes this goal while enabling the analyst to
complete an analysis in a relatively short time-frame. By use of standardized

data input forms, the completeness and correctness of all input data can be
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assured‘before executing the model. After the model is executed, data 1is
entered from the input forms directly in a specified order, thus minimizing
data entry time. SAS execution time is minimized by limiting the amount of
Monte Carlo analysis to determining only probabilities of hit. All other
calculations are analytical in nature, involving the use of conditional
probability and expected value techniques, which are more efficiently handled
by the computer. SAS evaluates the probability that personnel and material
targets remain undestroyed with time. Thus definition of engagement
termination criteria, such as the attack force refusing to continue after 25
percent of their total force has been killed, 1s left entirely for the analyst

to define.
1.5 DISADVANTAGES OF THE SAS MODEL

Some simulation models are entirely Monte Carlo in nature, allowing the
model to determine at any point in time whether a particular player is still
alive or has been killed previously. This feature is useful if the analyst
requires a deep level of detail. Using a model of this type, the analyst
could develop a type of "script language” which could specify the actions of
the various players based on other player's situations. For example, the
analyst could model a scenario in which player 1 would move to a new location
based on whether player 2 is still alive or has been killed. With SAS, the
analyst has the capability to move a particular player to a new location by
specifying the time relative to the beginning of the simulation when the
movement of the player is to occur. Because SAS considers only the
probability that a particular player has been killed, decisions cannot be made
based on the “"condition” of individual players. If this amount of detail is

required, a code which employs Monte Carlo techniques throughout is suggested.
1.6 UNIQUE FEATURES OF THE SAS MODEL

Several unique features were built into the SAS model which were not
generally available in other security models surveyed. These features have
been found to be extremely useful in evaluating security/survivability

concerns. (Reference 4)
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e Specified groups of targets may be selected for further analysis
to determine the expected number of targets remaining with time.
In addition to the typical engagement outcome results describing
damage to the defending and attacking forces, the user is able to
obtain engagement damage to any set of targets. The type of
targets which may be analyzed include vehicles, both ground based
and air-borne, and any vital cargo being transported. Thus, in
addition to providing security/survivability outcome, the output
from SAS may be useful in logistics analysis where the expected

number of vehicles destroyed, for example, would be important.

e Some targets may contain other targets; for example, a truck may
contain a weapon container assembly which may contain a warhead,
a fuzing mechanism, and an arming mechanism. This permits

detailed analysis of each vulnerable component involved in the

security system analysis.

o The model is also capable of evaluating the probability of target
destruction in which the exact position of the target is not
known, for example, the unknown target position of a weapon
container in the bed of a canvas-covered truck, or personnel
hidden by thick foliage in which their exact location cannot be

determined.

e The degree of obscurity that a particular target or set of
targets may possess can change during the simulation, for
example, smoke canisters may be released during an engagement
which could decrease the ability of firers to determine the exact

location of enemy targets. b

e Automatic weapon fire covering a random area may be modeled with

SAS, as well as weapons which provide blast kill capability such

as grenade launchers or rocket batteries, for example.

e SAS also has the capability of analyzing collateral target

damage. Certain targets, if hit, may destroy or inflict damage

22
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on other targets. For example, vehicle fuel tanks, when hit with
incendiary fire, could ignite, inflicting damage on personnel and

material targets within the vehicle.
1.7 AREAS FOR FUTURE DEVELOPMENT

Possible improvements to the SAS model are discussed in this section.
Each improvement or refinement will be described and the reason the
improvement would be useful and the additional capability it will provide is
discussed. Improvements to be discussed fall primarily within the following

major areas:

e Simplification of Input Data Entry

Those improvements which increase the ability of an analyst to
generate and enter the data necessary to perform a simulation.
These improvements would also reduce the time required to modify

original data in order to analyze additional improvement options.

e Provide Additional Simulation Detail

Improvements which increase the detail of the simulation or

provide a more "real world” analysis capability.
1.7.1 Target Movement

Presently, the SAS user must model target movement by analyzing the 3
target in a series of fixed positions along the movement route. This

technique may be used to analyze target movement by means of situation "snap

shots” which freeze the target's position for a finite number of steps along

the movement path. An improvement would permit the analyst to specify a

beginning and ending position for a particular target along with its' movement
rate. The computer would calculate the target's position at a particular
instant in time. This capability would reduce the amount of input data

required to describe target movement and would eliminate discontinuities in
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output which often appear when the movement route is broken into a series of

fixed positions.

1.7.2 Graphics Tablet for Data Entry

Interactive data entry using a digitizing graphics tablet would greatly
reduce the amount of time required to specify terrain, cover, and target
shape. Since input time would be reduced, more targets could be modeled in

more detail.

1.7.3 Graphics Package for Verification of Input Data

Graphics software would display target shapes viewed at various
perspective angles verifying the correctness of input data prior to simulation
execution. This would permit an analyst to identify the vulnerable cross-
sectional area of the target as viewed from a particular opposing force
member's point of reference. The analyst could then use this informatibn, or
a subroutine could be developed, to evaluate the probability that the opposing

force member could hit the target using the proper target orientation.

1.7.4 Data Base Development

A generalized data base would be constructed containing the sizes and
physical characteristics of various targets and weapon types. The SAS user
could then refer to this data base to acquire the data required for his
particular simuiation. This data base could either be computerized, allowing
the analyst to select and incorporate the data automatically, or the data
could be contained in document form in a manner compatible with the data entry

format used by SAS.
1.7.5 Confidence Interval Estimation
The simulation model could be expanded to include confidence interval

estimaction. Generation of confidence intervals helps the analyst interpret

the accuracy of the simulation results.
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1.7.6 Relaxation of the Parallel Plane Restriction

Currently, opposing force personnel and material must reside in either the
attack or defense force planes. Movement of personnel or equipment out of
these planes is presently not permitted. This improvement would permit the
analyst to specify all target positions in terms of x, y, and z coordinates.
The coordinates specified would be relative to a single, fixed point origin in
space, thereby allowing the analyst to place attack and defense force targets

at any position desired.

1.7.7 Three-Dimensional Targets

Targets may be represented as three-dimensional volumes. Targets would

be constructed of adjoining quadrilateral plates. The targets would be
rotated to the "line of fire" from opposing force personnel and then the
vulnerable cross-sectional area of the target would be computed for the

firer's weapon type before the probability of hit is calculated.

1.7.8 Target Protection

Targets which cannot be destroyed or damaged by one round of opposing
fire are not presently considered. For example, a payload well protected with
armored blankets could not be damaged by an attack force using small caliber
weapons assuming a single round direct hit, because the round would not
penetrate target protection. It 1s understood, however, that subsequent
rounds fired on or near the impact point of the first round could weaken the

target protection sufficiently to result in payload damage or destruction.

The "multiple hit" possibility for those targets which require more than
one direct hit to penetrate target protection should be incorporated into the
SAS model. This improvement will permit the SAS model to analyze more complex

survivability-oriented scenarios.
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SECTION 2

INPUT DATA DESCRIPTION

Input data required for a typical SAS execution is divided into five

% : ma jor categories:
BJ e Target Data

Target data is used to describe the size and shape of all

- personnel and material targets the user wishes to consider in the simulation.

AR e Firer Data

Data which describes a potential firer's characteristics, such as

| weapon type and response time, are included within this section.
¢ Aim Point Data

The aim point data section describes locations of aim points

which may be fired at by opposing force personnel during the simulation.
1' ® Target Status Change Description

‘ Data describing a particular target's movement, size or shape
: change, or selection of new weapon type during the simulation would be

included in this section.
e Other Input Data

This section contains all other input data not included within

the first four categories. Names used for output files created during the

simulation execution would be one example of the type of data required for

!
!
i
h |
}

this category.
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The data required for each category is discussed in more detail in the

text which follows.

2.1 TARGET DATA DESCRIPTION

For purposes of the SAS model, targets are objects whose destruction or
damage benefits the opposing force in the engagement. If we assume a ground
movement scenario in which a ground convoy is ambushed by a ground based
attack force, possible targets of interest for the attack force would be
defense personnel, the vehicles used to transport defense personnel and
payload, and the payload itself. Attack personnel would be considered as

possible targets for defense personnel. Targets are modeled by SAS as

two-dimensional rectangular areas.

To allow for situations in which the exact position of the target is not
revealed to the attacker, it is possible to specify an area in which the
target may be placed. To clarify this feature of the SAS model, assume that
the payload, which the attacking force is attempting to destroy, is located
somewhere on the bed of a large truck in which the rear section of the truck
1s covered with canvas, preventing the attack force from directly determining
the exact payload location. Further, assume that the size of the payload is
small relative to the size of the canvas-covered truck bed. A target of this
type can be modeled using SAS by defining the size of the target (the payload
in this example) and specifying a random area in which the target may be

located (the rear of the canvas-covered truck).

In some situations, certain targets, if hit, may inflict damage to other
targets near by. For example, suppose the fuel tank of a vehicle was modeled
as a target. The tank, when hit with incendiary attacker fire, could igniite
and inflict damage to other targets such as defense personnel or vital
payload. Lacking a better term, we will call this type of indirect target
damage “collateral” damage. For each target identified and defined as input
to the model, a list of targets which would be collaterally damaged by hitting
this target must be specified. Before executing the SAS model, all targets
must be identified and their size and position defined.

i
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Due to aiming error, a firer may attempt to hit one target and actually
hit another. For this reason, a list of targets which could be hit by firing

at a specific aim point is required.

A standardized target data collection form used to obtain all required
target information is presented in Appendix A. This data form also
specifies data required to describe firer characteristics for personnel

targets capable of firing at opposing forces.

There are several data items required to define each target to the SAS
model. The format and use of each data item will be discussed separately as

they appear on the data form, Appendix A, Figure A.lb.

2.1.1 Target Number

First, the user must select a target number. The target number selected
for each target must be unique. Normally, targets are assigned numbers in

sequence (1,2,...); however, the user may choose to assign target numbers in

any order.
2.1.2 Target Description

Following the target number is the target description. Target
description consists of at most 10 characters which are used to uniquely

identify targets to the user. Any printable character may be included in the

target description.
2.1.3 Target Height, Widcth

The height and width of the rectangular target area is measured in meters.
2.1.4 Random or Fixed

The user must now decide whether the target is random (lies within a

random area, exact location is unknown to the opposing force) or fixed (the

opposing force can recognize exact target location). An 'R' is entered

28
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indicating the target is found within a random area or an 'F' is entered

j; indicating the target is in a fixed location. The user must specify either an

'R' or an 'F' for each target listed.

s

i 2.1.5 Lower Left Coordinate

/ For fixed targets, the user enters the x and y coordinates specifying the
# position of the lower left corner of the rectangular target areas. The

coordinate values are relative to the origin in target's reference plane. The

X coordinate is the distance in meters from the origin in the horizontal

direction. The y coordinate is the distance from the origin to the lower left

corner in the vertical direction.

f@ For random targets, the user enters the x and y coordinates specifying
& the lower left corner of a random target area within which the target is
located. The x and y coordinate values are expressed in meters defining the

j horizontal and vertical distance for the geometric plane origin.

2.1.6 Random Area Height, Width

‘ For random targets, these parameters specify the height and width of the

random target area in meters. Random area height and width are left blank if

a fixed target 1is specified.

2.1.7 Can Target Fire?

If the target is a personnel target capable of firing at the opposing
force, the user enters a 'Y' indicating the target can fire; otherwise, an 'N'

is entered. Either a 'Y' or 'N' must be specified for each target involved in

the simulation.

{
|

; 2.1.8 Weapon Type
f The user identifies the type of weapon used by entering a one or two

digit number. The weapons currently defined for use within the SAS model are (

listed below with their associated weapon-type number.

29




Weapon Type Weapon Description

M16
AKR47
M60

50 Caliber
M79
RPG
M19

Ny B W e

The weapon type is left blank if the target cannot fire.

2.1.9 Number of Rounds

The user enters the number of rounds of ammunition available. This

parameter is left blank if the target cannot fire.

2.1.10 Response Time

Response time specifies the time at which the firer begins firing at
opposing forces relative to the beginning of the simulation (time = 0)

measured in seconds. The paramecer is left blank if the target cannot fire.

2.1.11 Aim Points, Ordered by Priority

Alm point numbers of those aim points which the firer may fire at during
the simulation are ordered on their importance to the firer. When fire is
first initiated, the firer will attempt to hit the first aim point listed. As
the simulation progresses, the probability that the firer continues to fire at
the first aim point decreases proportionally to the probability the primary
target associated with the aim point has been previously destroyed. Aim point

numbers are left blank if this target cannot fire.

2.1.12 Collaterally Damaged Targets

A list of those targets which will be destroyed if this t-rget is hit by

30
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the opposing force is the last data item required for target description. The
order of the target numbers specified is not important. If fewer targets are

specified than spaces on the data sheet, leave the rest of the spaces blank.

2.2 FIRER DESCRIPTION

Each attack and defense force member firing at the opposing force must be
described. The description includes specification of a weapon type, response
time (time when firer begins shooting), amount of ammunication available, and
strategy. A summary of the input parameters describing a firer's
characteristics (can target fire, weapon type, number of rounds, response
time, and aim points ordered by priority) appearing on the target data form

have been discussed in the previous section.

2.3 AIM POINT DATA DESCRIPTION

A firer's strategy is defined by providing a set of aim points which are
ordered in terms of priority. Each aim point is associated with a primary
target. Normally, the aim point is defined in the center of the particular
situation modeled. 1In addition to the primary target, a list of other targets
in close proximity to the primary target which may be hit by firing at this
aim point must be provided. 1In some cases, it is more desirable to define a
region for an attacker or defender to fire into than a specific point at which
to aim. This is especially true if the exact pousition of the intended target
cannot be determined. SAS allows spray of fire into an area by defining a
rectangular shaped area in place of a fixed aim point. Shots are fired

randomly into the rectangular area assuming each section of the area is

equally likely to be fired into.

An sample form used to gather required aim point data is presented in !
Appendix A, Figure A.lc. The data items required for aim point description
are in this section.

2.3.1 Aim Point Number

The aim point number is a unique number which the user assigns to each




aim point considered in the simulartion. Aim point numbers are usually defined

in sequence (1,2,...); however, they may be assigned in any order which may be

more convenient to the user.

2.3.2 Aim Point Description

The user must specify a unique aim point description which consists of at
most 10 characters for each aim point desired. Any printable character is
permissible within the aim point description. Normally, the aim point

description references the primary target associated with the aim point.

2.3.3 Random or Fixed

If the user wants to define the aim point as fixed, an 'F' is entered;
otherwise, a 'R' is used. Fixed aim points specify fixed points located in
the plane containing the opposing force personnel and equipment to be fired
at. Fixed aim points are specified whenever the opposing force can obtain an

exact location of the opposing target area center.

Random aim areas, indicated by a 'R' entry, are used whenever the exact
location of an opposing target area is unknown or the strategy is to spray
automatic weapon fire evenly throughout an area without aimming specifically

at any target.

The user must define each aim point considered as either random or fixed.
2.3.4 X Coordinate, Y Coordinate

If the aim point is fixed, the x and y coordinate values specify the
location of the aim point in the opposing force reference plane. The x and y
coordinate values measure, in meters, the horizontal and vertical distance
from the origin to the aim point. Normally, for fixed aim points, the aim
point is placed in the center of the primary target associated with the aim
point.

If the aim point is random, the x and y coordinates specify the location
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of the lower left corner of a random aim area measured in meters from the

opposing plane origin.

2.3.5 Height, Width

Height and width are only specified when a random aim point is desired.
The height and width, expressed in meters, indicates the size of the random

aim area. These data fields are left blank if a fixed aim point is used.

2.3.6 Targets Which May be Hit by Firing at This Aim Point

The last data entered on the aim point data form involves a list of
possible targets which may be hit when this aim point is fired at. The first
target number entered is considered the primary target associated with the aim
point. Order of subsequent target numbers is not important. Should the user
specify fewer target numbers than spaces on the data form, the remaining
spaces should remain blank. The target which is closest to the aim point or
most likely to be hit by firing at the aim point should be listed as the

primary targetc.

2.4 TARGET STATUS CHANGE DATA

A target status change is specified by entering four parameters: the old
target number, the new target number, the time the status change occurs, and
the delay time for the new target to commence firing after the status change
occurs. The data form used to obtain target status change information appears
in Appendix A, Figure A.ld. The target status change parameters are now

discussed in more detail.

2.4.1 01d Target Number

The old target number is the number of the original target assigned at
the beginning of the simulation. This number identifies the target whose
status will be modified.
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2.4.2 New Target Number

The new target number points to a new set of target information which
will replace the target information previously obtained when referencing the
B old target number. Information pertaining to the new target is transferred to
the old target, destroying previous information used to define the old target

characteristics.

;] 2.4.3 Status Change Time

Status change time specifies the time in seconds from the start of the

-j simulation when the target status change is to occur.
2.4.4 Delay Time

The user may choose to specify a delay time before the new target
commences firing after the status change is complete. The delay time
parameter can be used to specify a player's reload time, aim time, or time

required to acquire a new weapon .

2.5 OTHER INPUT DATA

Other data required to perform a SAS simulation primarily concerns the
specification of input and output files, names, starting and ending time for

simulation results, and manner in which results are stored when the simulation

is complete. Due to the self-explanatory nature of these parameters, they are
not described within this section. Refer to Appendix A, Figure A.la and
Figure A.le, for questions asked to obtain additional input parameters

required to perform a SAS simulation.
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SECTION 3

EXAMPLE APPLICATION

The application of the SAS model to evaluate the outcome of an ambush
attack on a nuclear convoy will be presented. The objective of the attack is
to destroy or render the weapons being transported by the convoy inoperative.
The scenario details and modeling assumptions required to evaluate the
engagement outcome are presented in two sections: scenario overview and
scenario details. The scenario overview describes the scenario in a general
sense and is used to acquaint the reader with the situation just prior to
ambush. The second section, scenario details, provides more detailed
assumptions concerning movement rates, weapon characteristics, number and
location of defense and attack force personnel, vehicle type and size, and

both attack/defense personnel cover and protection.
3.1 SCENARIO OVERVIEW

A nuclear convoy is transporting weapons to a fixed storage site. The
convoy is enroute on a public highway when the attack occurs. The convoy
consists of nine vehicles which carry defense personnel, nuclear weapons and
required communication equipment. The attack on the convoy occurs without
forewarning; hence, the defense force is taken totally by surprise. The
attack is initiared by detonation of pre-placed mines under the roadway used
by the convoy. Detonation of these mines is timed to effectively destroy the
lead weapon-carrying vehicle and prevent further progression of remaining
weapon-carrying vehicles beyond the mine detonation point. The mine
detonation also isolates vehicles and personnel which have proceeded beyond
thelmine detonation point from involvement in the ensuing engagement between
defense and attack forces concerned with protection and destruction of weapons
in remaining weapon-carrying vehicles. Figure 3.1 shows a "bird's eye" view

of the scenario situation just prior to mine detonation.

The attack force consists of 11 men who have pre-positioned themselves in

well-hidden, protective foxholes or behind large trees to minimize the amount
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of body area exposed to defense force weapon fire. Each attack force

member has well-defined objectives and strategy when the engagement starts. A
portion of the attack force is used to tie down the three lead vehicles and
the one trailing vehicle, preventing personnel on these vehicles from directly
assisting personnel located on weapon carrying vehicles throughout the
engagement. It will be assumed that the attack force personnel used to pin
down defense personnel in the lead and trailing vehicles will not enter into
the engagement between defense personnel on remaining weapon carrying
vehicles. Thus, the encounter situation which will be modeled by SAS involves
the remaining six attackers (numbered 1-6 in Figure 3.1) and the defense

personnel on trucks (numbered 1-4).

Since the attack occurs without forewarning, defense persomnel do not
respond with return fire immediately. 1In all cases, the first person
responding from each vehicle is the assistant driver. After the vehicles have
stopped, defense personnel located in the rear section of each vehicle, along
with the vehicle driver, will respond. The vehicles will attempt to proceed
through the ambush area, if possible. Although the defense vehicles have
limited off-road capability, the attack force has carefully chosen its ambush
site to prevent vehicles from continuing beyond the mine detonation point.

The vehicles are assumed to stop on the roadway grouped fairly closely

together, with the lead vehicle approximately five meters from the mine

detonation point.

The convoy is in continuous communication with an additional back-up
response force. Once the attack has been determined, the back-up response
force is notified via personnel in the command-control and communications
vehicle. The time required for the back-up force to respond to the ambush
attack' is five minutes. Due to the expected short duration of the engagement,
additional support provided to the defense personnel on Trucks 1-4 by the

back-up response force will not be considered.

3.2 SCENARIO DETAILS

All necessary assumptions required to perform the simulation, with the

exception of specific individual player strategy and collateral target damage




assumptions, are described in this section. The purpose of this section is to:

e describe assumptions used in this particular example, and

e familiarize the reader with the parameters which must be
identified and defined prior to performing any simulation

involving the use of the SAS computer model.

3.2.1 Convoy Composition

The nuclear convoy, shown in Figure 3.1, is composed of four
load-carrying vehicles, one security personnel vehicle and the lead and
trailing escort vehicles. Each load-carrying vehicle contains three nuclear
projectiles within a standard container. The security vehicle contains six
security personnel and equipment. The vehicles composing the convoy are

ordered as follows:

® Route recon vehicle

e Command-control and communications vehicle
o Security-lead vehicle (M115)

o Two load-carrying vehicles

® Security force vehicle

e Two load-carrying vehicles

e Trailing security vehicle
3.2.2 Security Force Distribution

All vehicles contain a driver and assistant driver, both trained and
equipped with issue M16 rifles. All load-carrying vehicles are equipped with
an M60 as well as the M16 rifles. The ambush procedure of mine detonation
under the first load-carrying vehicle isolates the three leading vehicles from
the main body, while the trailing security vehicle is also diverted by direct
fire. These security elements are, therefore, unable to directly assist the
main body. The force-on-force encounter then involves principally security
force personnel (drivers and guards) of load-carrying mission vehicles and the

security guard vehicle personnel, excluding the defense personnel on the lead
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load-carrying vehicle which was destroyed by the mine detonation.

i

3.2.3 Personnel Assumptions

Defense personnel are assumed to remain completely exposed to fire.

Since time involved in the stand-off attack phase of the SOT assault is only

20 seconds, it is assumed that 1f a defender sustains a hit, he will be
considered ineffective in providing retaliatory fire. For this reason,

defenders, while in moving vehicles, are assumed to have 0.9 square meters of

cross sectional area exposed to fire. Defenders in moving vehicles are
modeled as rectangles with height of 1.2 meter, width of0.75 meters. Figures
3.2 through 3.13 show the size and position of defense personnel within their

respective vehicles.

Notice that in each of the figures there is a number associated with each
vehicle and each defender within a particular vehicle. These numbers will be
used to uniquely identify each defender involved in the simulation. For
example, DIT1 denotes Defender 1, Truck 1. Similar numbers are used to
uniquely identify weapons, weapon containers, defense force vehicle engine
areas and members of the attacking force. WIT1l, KI1T1l, and ET1, for example,
will be used to denote Weapon 1, Truck l, container for Weapon 1, Truck 1, and
Truck 1 engine area, respectively. Al is used to uniquely identify attack

force member 1.

After vehicles stop, defense personnel are assumed to be limited in their
selection of possible defense positions. By scenario definition, the convoy
is being attacked from the right. On the left side is a steep drop which ]
cannot be used effectively for defensive positions and precludes vehicle ﬁ
maneuvering. Thus security personnel are forced to take defensive positions
behind their respective vehicles. Security personnel remain in prone
positions exposing approximately0.04 square meters of their body to fire,

modeled as a rectangular target 0.15 meters high, 0.25 meters wide. Figures

3.10-3.17% show the position of defense personnel after vehicles have stopped,

while Figures 3.6-3.9 are the intermediate positions.

Attack personnel are in defensive positions exposing only their heads to
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direct fire from the security defensive personnel. It is assumed that roughly
0.02 square meters of each attacker's body is exposed to direct fire, modeled
as a square target measuring 0.125 meters on each side. Refer to Figure 3.14
for size and location of attack force members. A particular attack force ]
member is identified by the character 'A' followed by the number of the b

attacker. Al, for example, is used to refer to the attack force member 1.

3.2.4 Vehicle Assumptiomns

Detailed dimensions of each vehicle involved in the stand-off attack
simulation are given in Figures 3.2-3.13. All vehicles involved are assumed
to be canvas-covered flatbed stake trucks. Each truck is 8.0 meters in total
length. The engine section of each vehicle measures 1.1 meters in height by

1.6 meters in width. Vehicles are assumed destroyed if hit by an RPG in the

engine section, or by fire if the fuel tank is ignited. The cab section of
each vehicle is assumed to measure 2.3 meters in height by 1.6 meters wide.
The canvas—-covered rear section of each vehicle is modeled as a rectangle 4.8
meters long and 3.0 meters high. The fuel tank is located directly behind the
vehicle cab below the truck bed. The fuel tank is also modeled as a

rectangular target measuring 0.4 meters high by 1.4 meters in length.

Vehicle engine areas are denoted by 'ET' followed by the truck number.
For example, ET1 is used to refer to the engine area of Truck 1. The rear
section of the canvas-covered truck is uniquely refered to by 'CT' followed by
the truck number. Thus, CT1l would be used to identify the canvas—covered rear
section of Truck 1. Vehicle fuel tanks are denoted by 'GT' followed by the

truck number. GTl is used to refer to the fuel tank on Truck 1.

3.2.5 Vehicle Movement Assumptions

At the point of mine detonation, all convoy vehicles are assumed to be
traveling at 40 KPH. Immediately after mine detonation, all vehicles
decelerate uniformly. The distance required for each vehicle to come to a
complete halt was determined by subtracting the starting position (x
coordinate value in Figures 3.2 through 3.5) from their stopped position (x

coordinate value in Figures 3.10 through 3.13). The stopped positions were
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selected to provide a minimum of 5 meters separation between each vehicle.

The distance for Truck 1 to come to a complete stop is 148 - 120 = 28 meters,
for example. Assuming each truck decelerates uniformly, it is possible to
calculate average positions of each vehicle. Truck 1, which is closest to the
mine detonation is assumed to stop in 5 seconds. The last vehicle, Truck 4,
is assumed to require 10 seconds. The other two vehicles are evenly spaced
over the 5-10 second interval. Truck 2 is assumed to stop in 6.67 seconds,

and Truck 3 is assumed to stop in 8.33 seconds.

The location of each truck after mine detonation is then given by the

expression:
x(t) = x(0) + v(o)t - 1/2 at?
where:
x(t) location of truck in meters from origin (along x axis)
x(o0) initial truck position in meters from origin (along x axis)
v(o) initial truck velocity in meters/second (40 KPH = 11
meters/second)
a constant value of deceleration in meters/second2
t = time elapsed since mine detonation in seconds.
The location of each vehicle when stopped is given by:
x(ts) = x(o) + v(o)ts +1/2 at_
where:
x(ts) = location of truck when stopped measured from the origin
along the x axis

= time required for truck to stop (point when v(t) = 0.)
Because the deceleration of each truck is constant, it is possible to
solve for "a" in each expression and set the resulting expressions equal:

a = 2/t% x(t) - x(0) - v(0)t ,

a=2/t? x(e ) - x(0) - v(0)t_.

2/¢2 x(t) - x(0) - v(0)t = 2/:2 x(e) - x(0) - v(O)t_




or
x(t) = x(0) + v(0)t + x[ts - x(0) - v(O)ts][t/tS]z.

The average position of each truck is determined at time t = ts/2 in that

deceleration is constant.

For example, the average position of Truck 1, X1 is then given by:

»
(]

120. + 11(5./2) + [ 148 - 120 - 11(5.)][5_4_2]2

140.75 meters.

Figure 3.15 illustrates the location of all trucks in terms of distance
from the origin along the x axis in meters varying with time from mine
detonation. For analysis purposes, the average truck positions will be used

during the period when the trucks are decelerating.

3.2.6 Weapon Assumptions

Nuclear weapon projectiles are assumed to have a cross sectional area of
0.105 meters, which, if hit by either automatic weapon fire or RPG fire, will
result in damage or destruction. The cross-sectional area resulting in
destruction was assumed to be 0.15 meters high by 0.7 meters wide. Each
weapon-carrying vehicle is loaded with three nuclear projectiles. The
projectiles/containers are secured in the center of the truck bed, arranged in

a linear fashion equally spaced over the bed length.

Standard containers were placed around weapons which, if hit by rifle
fire outside the dimensions of the nuclear round, would cause the weapouns
within the container to be rejected, pending a detailed inspection and
certification process. Components such as the fuzing and arming mechanisms
would be included within the weapon contailner target. Each container was
assumed to contain one nuclear weapon. Container targets with associatea
damage and destruction hit regions are shown in Figures 3.10-3.13. Each

container is assumed to be 0.5 meters high and 1.5 meters long.
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The weapon area resulting in destruction if hit is denoted by the weapon
number followed by the truck number. WIT1l is used to refer to Weapon 1, Truck
1, for example. A particular weapon container is denoted by the container
number followed by the truck number: KiT1l is used to refer to Weapon Container
1, Truck 1. The average position of the weapons and weapon containers within
moving vehicles (considered Position 1) is shown in Figures 3.6 through 3.9.
The position of weapons and weapon containers within stopped vehicles
(considered Position 2) is shown in Figures 3.10 through 3.13. The second
position of all targets is denoted by adding 'P2' to the end of their unique

g three or four character designation. Thus, K1T1P2 is used to refer to

;. | Container 1, Truck 1, position 2, for example. Character designators without

the P2 suffix refer to targets in Position 1.
3.2.7 Defender Strategy Assumptions

Once the convoy is aware of the attack, an attempt will be made to

, continue with the convoy movement and push through the ambush area. However,
4 by scenario definition, the roadway is completely blocked by the mined vehicle
and debris generated from the initial mine detonation. As the vehicles
decelerate, the assistant drivers are assumed to be the only defensive
' personnel capable of immediate response. Each)assistant driver will direct
-: counter fire at the source of received automatic weapons fire (attackers %

i designated numbers 3 and 6). After both attackers with automatic weapons are
defeated, defensive fire will be directed at attack force personnel having
" RPGs. After all vehicles have halted, defenders use trucks for cover and
concentrate counterfire primarily on attackers with automatic weapons. When
attackers possessing automatic weapons are defeated, fire will then be

directed at the source of RPG fire (Attackers 1, 2, 4 and 5).

3.2.8 Attacker Strategy Assumptions

In general, Attackers numbered 1, 2, 4 and 5 attempt to destroy Trucks 1,
4 2, 3 and 4, respectively, by firing RPGs at the truck engines. After trucks

have been stopped, the attackers use the RPGs to fire at rear sections of

trucks, attempting to destroy either personnel or weapons. Attackers 3 and 6

attempt to eliminate defense personnel. Attacker 3 is assumed to concentrate
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fire on defense personnel in Trucks 1 and 2, while attacker 6 attempts to
defeat security personnel in Trucks 3 and 4. Attackers 3 and 6 will place
most emphasis on hitting both drivers and assistant drivers before firing at
additional security force personnel in the rear section of Truck 2. Fire will
not be directed at truck fuel tanks. The fuel tanks may be hit from indirect

small arms fire, but will not be considered as primary targets.

3.2.9 Aim Point Assumptions

Aim Points Used by Attack Force. Attackers employing RPGs use the

center of the forward engine section as ar aim point when attempting vehicle
destruction. The center of the rear canvas-covered truck bed is the aim point
when trying to hit weapons or security force personnel. Attackers employing
automatic weapons aim at the center of defender targets whenever those targets
can be visually acquired. Security force personnel located in the rear
section of the security vehicle cannot be seen directly. These personnel are
therefore attacked by spraying the rear canvas-covered truck sections randomly
with automatic weapon fire. After each vehicle has stopped and defenders have
assumed defensive positions behind their vehicle, all defenders are modeled as

fixed aim points.

Aim Points Used by Defense Force. Attackers are assumed to be

concealed in brush and surrounding foliage. Identification of the exact
location of the Special Operations Team members is therefore difficult. Key
signatures are used such as sound, intermittent muzzle flashes, smoke, and
movement to identify regions in which attackers are located. Defenders direct
automatic weapon fire into those regions which they have identified as the
sources of fire being received. Attackers remain in preselected positions

throughout the 20 second duration of the force-on-force attack sequence.

3.2.10 Defense Force Weapon Assumptions

Drivers in each vehicle are armed with M16 rifles. The firing rate is
established as 175 rounds per minute for the 20 second encounter, and is based
upon an equal combination of semi- and fully-automatic firing modes. The time

required to exchange magazines was also incorporated into this average firing
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rate. In addition to the drivers, two security guards in the rear section of

Truck 2 are also armed with M16 rifles and are assigned the same firing ratce.

Assistant drivers, or guards, and three security personnel in the rear
section of Truck 2 are armed with M60 machine guns. A firing rate of 550
rounds per minute was used for this weapon. Selection of this firing rate was

based on similar factors used to determine the firing rate used for the Ml6.

The remaining security force personnel in the rear section of Truck 2 are
armed with the M79 grenade launcher. The M79 rate of fire is 15 rounds per
minute. A lethal kill radius of 5 meters was established for each M79 round.
Thus an attacker would be considered a casualty if the distance between the
attacker and the point of detonation of the M79 round was less than or equal

to 5 meters.

3.2.11 Attack Force Weapon Assumptions

Attackers 1 and 3 are armed with the AK47 rifle with an average firing
rate of 200 rounds per minute. The remaining attackers are armed with an
equivalent RPG weapon with firing rate of 5 rounds per minute. RPGs were
assumed to be armor piercing weapons, effective for destruction of vehicles,
should vehicles be hit in the forward engine section. RPGs were not modeled
as having a lethal kill radius for personnel or weapons, because the canvas-
covered rear section of the truck would not provide projectile detonation.
Refer to Table 3.1 for a summary of weapon types and associated firing rates

for weapons used for both the attack and defense forces in the simulation.
3.2.12 Acttack and Defense Force Separation Distance Assumptions

For simplicity in simulation input, the defense force and attack force
are assumed to reside in two parallel planes 75 meters apart. Thus, the
minimum distance between and attacker and defender is 75 meters.

3.2.13 Aiming Error Assumptions

For purposes of this analysis, weapon accuracy was considered to be a
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rate. In addition to the drivers, two security guards in the rear section of

Truck 2 are also armed with M16 rifles and are assigned the same firing rate.

Assistant drivers, or guards, and three security personnel in the rear
section of Truck 2 are armed with M60 machine guns. A firing rate of 550
rounds per minute was used for this weapon. Selection of this firing rate was

based on similar factors used to determine the firing rate used for the M16.

The remaining security force personnel in the rear section of Truck 2 are
armed with the M79 grenade launcher. The M79 rate of fire is 15 rounds per
minute. A lethal kill radius of 5 meters was established for each M79 round.
Thus an attacker would be considered a casualty if the distance between the
attacker and the point of detonation of the M79 round was less than or equal

to 5 meters.

3.2.11 Attack Force Weapon Assumptions

Attackers 1 and 3 are armed with the AK47 rifle with an average firing
rate of 200 rounds per minute. The remaining attackers are armed with an
equivalent RPG weapon with firing rate of 5 rounds per minute. RPGs were
assumed to be armor piercing weapons, effective for destruction of vehicles,
should vehicles be hit in the forward engine section. RPGs were not modeled
as having a lethal kill radius for personnel or weapons, because the canvas-
covered rear section of the truck would not provide projectile detonation.
Refer to Table 3.1 for a summary of weapon types and associated firing rates

for weapons used for both the attack and defense forces in the simulation.
3.2.12 Attack and Defense Force Separation Distance Assumptions

For simplicity in simulation input, the defense force and attack force
are assumed to reside in two parallel planes 75 meters apart. Thus, the
minimum distance between and attacker and defender is 75 meters.

3.2.13 Aiming Error Assumptions

For purposes of this analysis, weapon accuracy was considered to be a
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function of:

e separation distance between the target and firer,

e velocity of the target, and

e aiming errors inherent in the particular weapon employed.

Environmental factors, such as wind, were not considered. Aiming error
inherent to the particular type of weapon employed was determined from

references, or selected based on expert opinion.

Any change in separation distance between the firer and target was
assumed to effect the aiming error as a ratio of the total separation distance
over the standard separation distance. The calculation of the modified aiming
error, assuming the separation distance is more than 75 meters, can be

illustrated by the following geometric figure.

AE SAE
SDIST

ADIST

AE (Aiming Error) at distance ADIST is given by: AE = SAE *ADIST/SDIST.
where: SDIST - Standard Separation Distance. Distance between firer and
target used as a baseline reference.

SAE - Standard Aiming Error. Radius in which 1/2 of all shots
fired are expected to land, assuming a distance between
firer and target of SDIST.

ADIST

AE - Aiming Error assuming distance between firer and target
is ADIST.

Actual Distance between target and firer.

The standard aiming error is expressed as a distance in meters. This

distance defines the radius of a circle in which one-half of all rounds fired
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are expected to hit. The aiming error used for automatic weapons was 0.5
meters when the separation distance was 75 meters. Reference 1 indicates 1
small variations in aiming error exist between the M16, AK47, and M60;
however, ranges given for aiming error of these weapons significantly depends
on the firer's training and environmental factors. The aiming error values
for a separation distance of 75 meters were averaged for each automatic weapon

type. The value of 0.5 meters was thus selected as representative.

Aiming error for the RPG and M79 were calculated as 1.12 meters and 15

meters, respectively, for a standard separation distance of 75 meters.

Due to the average target velocity of 20 KPH, an increase to the static
aiming error by a factor of 1.5 was used. Table 3.1 summarizes the selected

aiming errors associated with each weapon type for targets in a moving or

static state.

Table 3.1 - WEAPON ASSUMPTIONS

Weapon Type Target Velocity (KPH) CEP (M) Firing Rate (R/Min)

M16 0. .5 175.
AK47 0. .5 200.
M60 0. .5 550.
50 Cal 0. .5 550.
M79 0. 15. 15.
RPG 0. 1.12 S.
M19 0. .5 450.
M16 20. .75 175.
AK47 20. .75 200.
M60 20. 75 550.
50 Cal 20. .75 550.
M79 20. 22.5 15.
RPG 20. 1.68 5.
M19 20. .75 450.
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3.3 INPUT DATA SUMMARY

Refer to Appendix A for a complete listing of input data used to simulate
the scenario previously described. Standardized data forms which aid in
organizing the large amount of simulation input data are also included in
Appendix A. These forms help insure that all information required for the
simulation has been obtained. After the forms have been completed, the model
is executed and form information entered interactively in the same order that
it was originally written on the forms. Thus, by using the standardized data
forms, an analyst having a minimum amount of prior computer experience may be

able to perform a SAS simulation.

3.4 SAS OUTPUT

OQutput from the SAS model consists of probabilities that a particular
target will still exist after a fixed amount of time has elapsed from the
beginning of the simulation. Figure 3.16 shows a typical SAS output listing
for the analysis of the baseline ground convoy scenario described in detail
earlier in this section. Across the top of the output listing is time elapsed
in seconds from the beginning of the simulation. Output is printed each
second for the first 20 seconds into the simulation. All targets are listed
in the column nearest the left hand side of the page. The remaining
information within the output listing gives the probability that each target
exists after a given amount of time has elapsed. The following information is
supplied to help correlate the targets appearing on the left hand column of

the ouput listing with those mentioned in the report previously:

represents defender,

represents attacker,

represents weapon (critical component),
represents weapon casing and container,
represents gas tank or fuel tank,

represents engine,

s m o R = » O

represents truck.

The first number on the far left is the target number, and numbers
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following characters denote the specific target. For example, target number

18, which is given by D8T2, represents Defender(D) 8 on Truck(T) 2.

Figure 3.17 (a and b) shows the conditional probability that a given
number of targets within a particular group remain undestroyed with time. The
probabilities for Group 4 (Figure 3.17b, Attackers) are the conditional
probabilities that a specific number of attackers remain with time. For
example, after 10 seconds into the simulation, the probability that one
attacker has been killed is 0.458. Notice that probabilities sum to one for
any column of probabilities. This is because all possibilities are
represented (i.e., for any amount of elapsed time into the simulation, the

probability that no attackers have been killed + the probability that one

attacker has been killed +...+ the probability all six attackers have been
killed must sum to 1.). The figure also gives the expected number of
attackers killed with time. For example, after 20 seconds, approximately
three (2.64) attackers have been killed. The model does not attempt to
establish an attack or defense force quit criteria. Definition of when the

engagement terminates is left to the analyst.

Graphs such as the one shown in Figures 3.18a and 3.18b may be
constructed to show the expected number of targets which have been destroyed
as the simulation progresses in time. This graph is intended only as an

example of one method to visually display SAS results. The figures from the

output listing do not necessarily correspond to values shown on the graph.
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SECTION 4

EXAMPLE TER“INAL SESSIOWN

CEXXRESE SRR FERENERFRERERRSRHERRNARRERRERARLESRRRNRERRERARRERRRRASERENRXSRARAEES

% A tycical user terrjinal session is presented to fllustrate ¥
% ho~ SALS would be used to perform analysis of the examprle scenario *
* presented in Chapter s , Example tpplication, This information is *
¥ intenced te aid the user in understaniing the SAS date entry pro- *
L4 cecure, Coirrents, enclosea in asterisks, contain explanatory *
* refarks, ¥
* Frllosin3j the normal loa-on proceduvre, the user begins the *
* tertinal session which follows, ¥
BASTASSAB ISR TS REAR RIS RN B SR AR AR R F AR NRRFFREARE LD REF AR KL AR RARAREENESEXRNN
SRUN SAS

“AvE OF INPUT DATA FILE?

IxPU1,DAT

MIOIFY TACGFIS OF RUK? “=x]OCIFY, R=RUY

Q

STAPT TIvE, ELDL TIME FCOP SISULATION OUTPUTL?

BEFEREE SN SN AR ARSI RN EBFENSRBAERURERBE SRS R AR SR FEREEEERRRAREE R KRS EXTREXF AT EER XK
¥ Since this is the first SAS execution of tnis scerario, tne

* d3ta base files have not hesn initialized, 1In oraer to initialize

* tnese files prior to 7Jata eatry, tne user presses ‘2’ while holdina

. tre CTRL key dosn(denoted by CTRL Z). After data bhase files have

* been inftfalfzed, this gquestion is azain asxed anc at that point the
. user +{l1)l enter tne startino ant endino simulation tires,
EEEXSFRELACEER SRR IERIN S FEPAEBARRANRERAE SRR RKEEXARRARRRRERESRENERIRSANDEEFERS

LR 2K BE 3R SR B}

CcTRL Z

1= JITTALIZE PROEASTILTIY DATA BASE
2=11TIALYZE TARGE) DATa DASE
3=1'17VALIZE A1~ PZIANT TAYTA ARSE
Jepap 1 ]l-€ PR, Y8 RERL VALUE
S= A 1IFY ®BrOB, DATA BAST VALUE

1

NAA4E OF MEr PRGSAYILITY UALA HASE FILE?
PYUF 4 DAT

1=1Y7IA0VZE PROFARTILITY INATA HBASE
2=1-1TT1ALIZC TARGET DATA nASE
3=1.17V1ALIZ2 AL POYSNT T ATA 3ASE
deirAn]le P00, UNTL pASE VALYE
Se*3R1FY PrT4, DATA BASE VALUJE

2

NAYE OF NEZa TARGET JATA BASE FILE?
TA~GET,DAT

1=1 11TAL12E PrROABRRILITY UATA BASE
2=11TIALLZY TA<GET DY1A BASE
3«Iv1T1ALIZZ Al*% POINY CATA RASE
4=£XA' INVE P9Ou, DATA RASE VALUE
SesNDIFY PROBR, DATA RASE VALJE

3

P ASE OF wFe AIM POINT OATA RASE FILE?
ALv,DAT
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1«INITIALTZE PROBARILITIY TATA BASK

2=1"I71ALTZ7 TRFGF1 DATA BASE

3=1.7TIALIZZ AI™ FOINT DATA BASE

A=E24rINE PROR, DATA BASE VALUE

Se<CDIFY P<"5, DATA BASE VALUE

EERIASEEEEA AN FEREE N EER A AR F R AR EE RS ERS RN C SRR RN R SRS RS AR I EF BRI EFRRRNFFRRB RN E
* At this point the user has initiallzed all of the data flles *
* required for SAS execution, The user presses “Z’ wnile holding down ¥
. trne CTRL key to end data base initialization. *

SABBRBEERPFRROEREEERENCEREBANEEEBESEEE SRR ERN KA KA EERRABRFFSERSAIRNRERENREESAEREY

CIRL ¢

STAKRT TINE, EMND TIwe FNR SIYULATION QUTPUT?
1,u 20,90

TI4E INTERVAL AT WHICH RESULTS ARE DISPLAYED?
1.9

NU~HE~ DF HERNDWARE OPTION TITLES?

3

TYILE 12

SIT ATTACH 7% GROUAND COMVOY

T17LE 27

Srate: TRAXSITIUN

TITLUE 372

AASELLINE

SAwF F FILE TQ CCMTAINM KESULTS?
JILRUT,OAT

wAaE yF PROSARLLTITY DATA SAKSE FILE?
PHOA DAY

JARGET NETA FILFE NAME?

TARGFTLOAT

SLTER TARGED INFORMATION,

TLRGET NU-RERY

1

TARQET PESCRIPTICON?

D1T}

ITARGET HEIGHT, «~INDTH?

1.2 .75

RANPNOY AR FIXFD TARGET ARER? F«FIXED, R-RANDOM
F

THRRICGET ARFA, LO'ER: X CNIR,, Y CO2R,?
145, .1

CAw TARGET F1FE? YeVES, HeNN

Y

YEAPJ. TYFE?

15

“InPER OF ROUNDS AVAILARLE?
360

RESPOISFE. TI4E?

7.

ATI% FOIWTS(NYDEREN RY PRIVRITY)?

19 22 17 16 20 21 0 0O 0 O

VERGETS DAMAGED BY RITTING THSIS TARGET?
0000000000

TARGFT <UvVRYR?

o e A
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-
TARGET DESCRIPTION?

D211

TARGET HEIGWNT, w»10TH?

1.2 .75

RANDOM Dk FIXED TARGET AREA? F=FIXED, R-RANDOM
F

TLRGET AREA, LU~ER: X COOR,, Y COIR.?
146, .1

CAn TARGET FIRE? Y=-YES, N=NJ

Y

~FaPJY TYVE?

17

Ni'48ER OF ROUNDS AVAJLASLE?

3o0¢C

RESPONVSE TImE?

2.

AT PNINTS(ORNEREN aY PRIOCRITY)?

19 22 17 18 20 23 9 0 0 9

TA4RGETS LAMAGHD BY HITIING THIS TARSET?
0200C9V9 000N

e e e it bt bt 0 N s I 5. WO T30t iAo 0

—_—

e W A Y WA 2 e G T .

EESREEEBE RS RAR S FIRSRESRREFARSRRREESE A KRN KR SRR R RN ER SRR N ER SR KX FERFFE RN SR
T aveifd unnecessarv repetition, all other data contained in =

trhe tarjet oata forms(Appendix A, Figure A2) for those targets in ¥

their initial cositions is entered §¢n a similar fashion. we will nowx

position,

*
x
L 3
* continiue »{th entry of data for the last target in it’s initia) *
*
*

*

FRXXEFRFARPIBREFRNTEE RN SR AT R SERRBRRRRER RS EEA R AR AP EERRNB AN RN RN EERRRRERASES

TARGE S WUvVaER?

40

TARGFT DESCRIPIIGOH?

Ad

TARGE1 HEIGHT, «IDTHT

o125 ,125

KA<D04 OK FIXFD 1ARGET AREA? F=FIXED, R~RANDOM
13

TAKGFT ARER, LO+Er: X COOR,, Y COOR.?
199, 0.

CAs TARGeT FIWE? Yw)leS, WenND

A4

ATAPGY TYpPE?

16

N «3ER OF ROUNDS AVAILABLE?

1000

RESPOHSE TIWE?

1L

AIM POTHIS(NRNEREDR 3Y PRIORITY)?

14 15 13 2 15 11 7 33 0

TARGZYS DAZRGFD BY hITTING THIS TARGET?
D0 00000000

TARGET wltoFN?

ki i
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PR R R AR SR AR S 2 R 2 22 R R R 2 S XA R R 2 R R R R 2R SRR R R R R 22 Y )

* A}l tarocet fnformation on the tarqget data forms has been *
= ertered for targets in tnefir initial positions, Tg: user now types ¢
L a *2° while devressing the CTRL key to end the tardet data input *
. section, *

EEERBS RIS EF AN E RIS RN SRR FEB AR KRB KRR S SRR R K S SRR RN RER RS KRNI RR XA NERENREREREN

CIRL 2

Al: POINT DATA FILE NAME?
AT~.DAT

E:TER Al® PODINT IFORVATLON,
Al« POIMT NUKKER?

b

: 1
' AI¥ PGINT DESCRIPTION?
A piT}
. KANDOY OR FIXED AIM POINT? F=FIXED, R=RANDOM
¥ F 4
. COORDINATES OF AlIM FQINT ¥, Y? i
145,375 .7 ‘
) TARGETS wHICH MAaY RE HIT RY FIRING AT THIS AIM POINT? [
* 12589¢C020C0C6O0O0OCO0O0C2O0
3 AT PIINT KUVBHER?
P 2
AI PLIN ) DESCRIPTICAN?
02T1 ;
RAMDO Ok FIXED AIY PIIwT? F=FIXED, R=RANDOM i
= R
S3IRDINATES OF AlIw BPCIMT X, Y72 ;
146,375 .7
- TARGE1S #4ICTH waf Bt HIT BY WIRING AT THIS AIM POINT? ]
1 21569030¢00000007 -
o
:F CEFEPENERER AKX LR RS E SRR RS RX SRR PARNCR PR EERBERB RS RRXERRF RS LSERREEEARERARERER
‘ s Aqain to avoid undue reoetition, orly the last aim point will#
L nos be entered, All other afim ooints which were not entered pre- L4

'

| . viously are entered in a siwilar manner, *
', L I I T T T T T P e T e T Y
i
|

Al% PNINT NUMRERY?

; [ XY
9 L1v PLINT DFSCKRIPTICN? 4
" T14°2
RASUCY OR FUIXED Alv POINT? F=FIYED, R=-RAWDOM
1
{ TAGFDINATES OF AIM POINT X, Y7
115.2 .55

TARGETS «r1CH MAY RF HTT H3Y FIRING AT THIS AIM POINT?
47 31 32 33 34 35 36 37 33 39 0 600 00

EEEENBESRANBASEREN RIS RN R ERERRAER SRS RS EEARAKENERRRERSRRERI SRR R AE SRR RN RER
* To end tne aim point data gatherina section the user types ¥
* *7° «hile A4epressina the CTHL Kev, *
SESERINERAREITASRRSNSRBRENESEREN R PRI SRR ERAREERRRAEEARFEFRRNEREREASRR KRB AERESS

CTRL 2
EYTER STATUS CHAYGE IMFOIRVATION,

e

A,
2
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¥

EEFABEEFAB SR EERER RN RE SR EEEED RS RBR AR SEERTRSEN SRR BASEREEFXSESEESSERISEEEINREEES

N * Status cnance {nfor-.ation includes both the target data for *

3 * al) tarcets in tneir non=injtial rositions and the status change times !
® ara tarset nuyroners in tne fnout data forms, * ’
BERSRFERFRL ARSI R EER RN NE RN RN R K IR IR AN R BB SR S AR FRRRR RN P EAI RS SR RSN S RISF LRSS

I

£ TARGET MUVBER? '
47

“ TARGFT DESCRIPTIOR? -

. D21T1¢k2

: TARGET KEIGHT, wIDTHY
«15 .25 §

RAADD~ OR FIXED TPRGET AREA? FeFIXFD, R=RANDOM

F
TARGET AR®A, LOwER: X COOR,, Y COOR,?

TSR, i M

14!‘0 '05
- CA% TARGET FI1RE? YeYES, WNenO
. Y
“ AERBLY TYPRE?
B 4
i NUMREP UF R U DS AVALLAALE?
' 360

EXSIASRRS AR FRARENAR RPN VA SRR RN SRR AR RN RN ARA TR SN N ERE KRR F RS ER RGBSR SN EB RS K XK
L] hotice that RESPONSE TIME is no lonoer reouired for tarogets %
€ ir. their ron-initial positions., In place of response time, an L
* initisl 4elay 1s reauested later in tne irteractive terrinal session,.®
* 1nis delsv 1s not relative to tne perginnino of the sirylation, as is *
* response tive, rather {t s relative to the time at which the tarocet =
* status CharTe OCCUTS, *
FEXRXEBRRXA XN EAXXABFRELRRARFERSTLREFXEEART AR U ERETRREDESEAXEBREEREERERERES

L m e e 7 oo hr gy ey 4 %

AT+ FOTMIE(NROE~e™ ©f PRIURIILY)? i
16 22 37 18 20 28 0 0 ¢ O
TA~GE IS DhenGRED 8Y AITIING ThlS TARGET?
9960000000
STATULS CraivGE TIE, INITIAL DELAY, ILD TARGET NUMBEKR?
E | 8, 0, 1
“ TLRGEL “UYBTE?

4%
TAPGET DESCRIPTTION?
.1 J211F2

TAKGEZY REIGHT, ~IDTH?

«15 ,25

RA%DJM OF FIXED TaRGET AREA? FeF1IXEU, R=RANDOM
F

TARGET AREA, LOatR: X COIR,, Y CNOR,?

155,750 =0,¢

Chv TARGEY FIRE? Y=YE3, ~=d0

Y

AFAPGY TYFE?

[]

~JAREM DF KRODINDE AVAILARLE?
30090
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Aln PUINTS(ORDERED RY PRIORITY)?

19 22 17 18 20 28 0 0 0 O

TARGETS DACAGED BRY KITTI4AG YH1S TARGET?
oo0o0O0COO0OO0CDO

STATUS ChanGE TIME, IN1TIAL DELAY, CLD TARGET NUMSER?

5. 0, 2

SESREANRIRIEEERANRNERRRRRAER N SRR AR RN EA SRR NSRS RARNEREIE AR NSRS ARREREARRENEERSER Y
% To avoid unnecessary repetition, only tne data for the last *
* nen=inftia) tarcet will he gliven, *

EFEXXBERRERNRN SR ERDS X R ERRBEARX R R ENERF SR KR AR EREEREETER RN RS LR X E LR RS RSEREFEESE

1ARGET DESCRIPTIUN?

A6P2

TARGET HEIGHT, W#IDTH?

«125 .125

RANDOM OR FIXED TARGET AREA? F=FIXED, R=RANDOM
e

TARGET ARFA, LOaRe; X COOR,, Y COOR,?
109, O,

CANL TARGET FIRET Y=YES, N=AD

Y

AEAPOY TYPE?

5

NIMBER OF RIUMDS AVZILABLF?

1000

Alw POINTS(ORUERED AY PRIODRITY)?

42 38 41 37 29 30 31 37 33 34

TARGKTS DAILGED BY HITTI~G THIS TARGET?
9000 0000C0CC0

STATUS CharGE 11re, INITIAL DELAY, OLD TARGET NUMBER?

10, 0, 48

EEESIRENRINENUBE NS I RS AR AR R LR AR AR EN R SRR BB AR N AR KRR RS AR SRR RN R KRR R KAN RS
¥ Lfter all status chance information has heen entered, tyve %
* 772 while nolding down the CTRL key, ¥
EEBSERIRFARIR SRR RSREFFIE SRR IR RS RSRBARRER RSN RIE SRR ERNER AR SR NSRRI REBARRRRELRNRS
CTRL 7

nibanp k. OF TARZETS 1IN GROUP?

Q@

TARGFTS FOR #HICH COMDITIOMAL PROMARILITY SHOULD BE DISPLAYED?
43 50 51 €9 71 71 79 R0 81

BRSXSEEIRRNEERNALRRANRESENRAERARRARBERBENARABERARBEEANRERRRRRSEERBATERERRLERERS

* The first target qgrour corresponds to all weapon targets, *
L ~otice that the final taryet numbers are used when specifing the tar=s
* 3et 3roup, not the initial numbers, ¥

EOESERREEI 4444242 XIEBERERRRIFLRIRREPERERSRARSRRRRERAREEEX XL E RN ERRSEERNBREY

TimwER OF TARGRTS In GRUUP?

9

TARGETS FOR ¥+1C4 CONDITINNAL PRCBASILITY SHOULD BE DISPLAYED?
52 53 954 72 73 73 87 #3 34
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ERBERRNEEADES RSBV RS AR RRSSRAEEREA R RS FRREREF AR AR RS RRRNERRRRSS AR ERSS SRR EEES
* The second agroup specifies all weapon containers which 1f hits

* would result in a rossiole ~eavon rejection, ¥
EEENSAREERBA SRS SRR N RIS RN R SRR N E R RN ARSI B R XA KB A FARRE NSRBI ISR NS SRS R RN SRS X AN

“UWSER OF TAFGETS I~ GROUP?

14

TARGETS FOR «HICH CONDPITIONAL vROBABILITY SHOULD BE DISPLAYED?
47 48 S7 58 59 60 61 62 63 64 67 68 77 79

SATEEAF KRS RS R RS AR AR AR A AR AR AR RPN RN B AR SRR A RN A RRR BN R RRE A SRR E AR R PSR SRR RN AR R RN K AR
¥ The third gqroup of targJets correscond to the set of defend= &

¥ ders., %
BARSAREESANRELARSRYFRRARERSRESARSEERSN KRR ARDBERA AR S EEFARERNENRESFAELEXNSEREERS S

NUMBER OF TAXGEIS IN GROULP?

(]

TARGETS FCR wdICk COXPITINYAL PROSARILITY SHOULD BE DISPLAYED?
87 83 89 9% 91 92

SEEBEBTES IS EB YRR GSEBUSRE TR BB ARERR KL NN ERXXXFERREEN SRS ES RSB REF R ERE R RSB EEES

. The tourth qroup corresvonds to all attacker targets, %
EEXRRRERFERIFRECN R ARBES RN ERARREXXRKEEFRRRAE AR REXRFFA XD RAREXERIESERIRERREES

NU#3ER 0OF TARGETPS IN GKOUP?
. -
TARGETS FAR »HICH CONRITIGNAL PROBABILITY SHOULD BRE DISFLAYED?
56 66 76 86

SEXXRFERRFARERRSRRAR R ERRRRRRRERF R XX L EERRERARALEEIRRRAKRIRRSXANFRERAEERKERREKER

% 1he flfth aroup contains all venicle engines, *
BB ES RS AR RN RN T AR PSRN S B RS EA AR AR RN E R SRR RN R RN R AR RN R R A RSB RN BN XS R ER KRR XA

EERFRRBRIEERBANEIEAR NSRS RRAEAEEAREBE RN RERERRN AR AR REIRLNE KA AR NRABRRRERR SRR R RE
L The user has now specified al)l target agroups he wishes to *
¥ consider tor tnis simulatjon, It sSo haopens that in this case the *
s Taxinum nurber of arodps(S arouos) was Jdesired, r»hen the maximum *
L sumber of groucs nave been chosen, the mogel autonatically proceeds *
. to the next data item, Since tne target groups &are the last data *
* fter to enter vefore the siwulation {s run, this is all the user has »
¥ to {ncut for this examole, Should you desire fewer target qrouos, *
* tris input loop may be terminsted by entering °Z° while nolding the =
% CTRL xey Aovn, *
PEEENEEKEERES SR RN A RIR NI R RERREERBRRBARERE KN ARABRXRSIEEN KA REXNER NSRS B AR RER B AEKY

EEERERBRESREBIRRRSAXRFISGESRERRERERARRSE LA R ERAREEXTERBRXIRER RS ESKFEREEREE RN N NN

* The sirtulation is complete when a s’ promot {s returned to =
* the yser’s terminal, Simulation output can be found in the output L d
* tile specifiec by the user(in this case the file OUTPUT.DAT was used,*
L The user may type tne file to his screen by typino TYPE OUTPUT,DAT ors#
. may lfst the contents of the file on the line printer oy typing L
* PRINT QUTPRT,OAT atter the °$° prompt, *
* A sawple of the output for this example is presented in Figure s, *
.

SETERRNRR NN RBERRATEA SR RERESRRAREAENEEERRRRRERAFAREEARRT AR KRN ERRENRBENENERER
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APPENDIX A

STANDARDIZED INPUT DATA FORMS 4

Input information required for SAS execution is classified into three

areas: target data, aim point data, and other input data. Other input data ]

Zi consists of all data which is not related to target or aim point data

_f‘« ' directly. The target data, aim point data and input data files will be used

' 1

1 to store all required input for a SAS simulation. To facilitate obtaining and

entering the large amount of data required for a typical SAS execution,

standard data forms have been specifically designed to obtain the required

!
I data for each of the three information categories. Examples of blank data #

" forms to gather necessary target data, aim point data and other input data are
presented in Figures A.l (a through e). The input data forms are useful in
organizing input data and assuring the analyst that all necessary data has

been obtained prior to execution of the SAS simulation. After data forms have

been filled out and the SAS model is executed, the data on the forms is

entered interactively in the same order which it is filled in on the form.

[ SR,

The information which is required for each data form is contained in

completed data forms for this particular example, which are presented

separately in Figure A.2 (a through a).
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INPUT DATA FORM, page 1

Name of input data file (10 chars. max.)?

Start, end time for simulation output?

Time interval at which results are displayed?

Number of hardware option titles (1-5)?

;# Hardware option title 1?

Hardware opotion title 2 (if no more titles, leave rest of option titles blank)?

j Hardware option title 3 (if no more titles, leave rest of option titles blank)?

oS

Hardware option title (if no more titles, leave rest of option titles blank)?

Hardware option title 5 (if no more titles, leave rest of option titles blank)?

Name of file to contain results (10 chars. max.)?

Name of probability data base file (13 chars. max.)?

Target data file name (10 chars. max.)?

(File out Target Data Form next)

Figure A.la Data Forms Used to Acquire SAS Input Data (Input Data Form, page 1)
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i
i
» 014 New Status Delay
K Target Target Change Time
¥ Number Number Time
e
A
+
R}
ol
L * )
{

0

If all status changes have been entered, fill out Input Data Form - Page 3, otherwise
continue entering status changes on new Input Data Form - Page 2.

Figure A.ld Data Forms Used to Acquire SAS Input Data (Input Data Form, page 2) f
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INPUT DATA FORM, page 3

Number of targets in Group 1?

Target numbers in Group 1?

Number of targets in Group 2?

Target numbers ia Group 2?

Number of targets in Group 3?

Target numbers in Group 37

Number of targets in Group 47

o Target numbers in Group 4?
i

Number of targets in Group 5?

3 Target numbers in Group 5?

Number of targets in Group 5?

Target numbers in Group 67?

Number of targets in Group 77

Target numbers in Group 7?

Number of targets in Group 8?

Target numbers in Group 8?

Number of targets in Group 97

Target numbers in Group 9?

Number of targets in Group 10?

Target numbers in Group 10?

When all target groups have been entered, all data required for the simulation

is complete. |

Figure A.le Data Forms Used to Acquire SAS Input Data (Input Data Form, page 3)




INPUT DATA FORM, page 1

Name of input data file (10 chars. max.)? INPUT.DAT

Start, end time for simulation output? 1.0 20.0

Time interval at which results are displayed? 1.0

Number of hardware option titles f[1-5)}? 2

Hardware option title 1? SOT ATTACK ON GROUND CONVOY

Hardware option title 2 (if no more titles, leave rest titles blank)?

STATE: TRANSITION

Hardware option title 3 (if no more titles, leave titles blank)?

Hardware option title 4 (if no more titles, leave titles blank)?

Hardware option title 5 (if no more titles, leave option titles blank)?

Name of file to contain results {10 chars. max.)? QUTPUT.DAT

Name of probability data base file (10 chars. max.)? PROB.DAT

Target data file name (10 chars. max.)? TARGET.DAT

(File out Target Data Form next)

Figure A.2a Completed Input Data Form, Page 1
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USER*'S GUIDE FOR THE SAS (STAND-OFF ATTACK SIMULATION) COMPUTER==ETC(U)
JAN B2 C M CLARKr». J T HUMPHREY: L W KENNEDY DNA001-79'C-0“63
UNCLASSIFIED DNA=5845T
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0Ol4 New Status Delay
Target Target Change Time
Number { Number Time

1 47 5.0 0.

2 48 5.0 Q.

3 49 5.0 0

4 50 5.0 0.

5 51 5.0 0.

6 52 5.0 0.

7 53 5.0 0

8 54 5.0 0.

9 55 5.0 0.

10 56 5.0 0.

11 57 6.67 0.

12 58 6.67 0.

13 59 6.67 0

14 60 6.67 0.

15 61 6.67 0.

16 62 6.67 0

17 63 6.67 0.

18 64 6.67 0.

19 65 6.67 0

If all status changes have been entered, fill out Input Data Form - Page
continue entering status changes on new Input Data Form - Page 2.

Figure A.2n Completed Input Data Form, Page 2, Targets 1-19

)

3, othervise
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s o1d New Status | Delay
; Target | Target | Change | Time
¢ Number Number Time
: 20 66 6.67 0.
4 i
21 67 8.33 0. 3
J 22 68 8.33 0. '
23 69 8.33 0.
* 2 70 8.33 0.
- 25 71 8.33 0.
|
' 26 72 8.33 0.
.
27 73 8.33 0.
| 28 74 8.33 0.
;A
. 29 75 8.33 0.
1
l 30 76 8.33 0.
.
: 3 77 10.0 0.
-1 32 78 10.0 0.
.“ 33 79 10.0 0.
: i 34 80 10.0 0. {
! 35 8t 10.0° 0.
36 82 10.0 0. ?
k ‘ 37 83 10.0 o.
k ‘ 38 84 10.0 0.
1f all status changes have been entered, fill out Input Data Form - Page 3}, otherwise 3
continue entering status changes on nev Input Data Form - Page 2. ?
3
. E

) Figure A.20 Completed Input Data Form, Page 2, Targets 20-38
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Figure A.2p

Lo R thiooh et el T =

01d New Status Delay
Target | Target | Change | Time
Number | Number Tine
19 85 10.0 0.
40 86 10.0 0.
41 87 5.0 0.
42 88 6.67 0.
43 89 5.0 , 0.
44 90 8.33 0.
45 91 10.0 0.
46 92 10.0 0.

If all status changes have been entered, fill out Input Dats Form - Page 3, otherwvise
continue entering status changes on new Input Data Form - Page 2.

Completed Input Data Form, Page 2. Targets 39-46
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INPUT DATA FORM, page 3

Number of targets in Group 1? 9

Target numbers in Group 1? 49 50 51 69 70 71 79 80 81

Number of targets in Group 2? 9

Target numbers in Group 27 _ 52 53 54 72 73 74 82 83 84

Number of targets in Group 37 14

‘; Target numbers in Group 3? 47 48 57 58 59 60 61 62 63 64 67 68 77 78

P Number of targets in Group L? 6 @

Target numbers in Group 47 87 88 89 90 91 92 !

5 Number of targets in Group 57 4

1 Target numbers in Group 5? 56 66 76 86 1
;. Number of targets in Group 6?

‘} Target numbers in Group 6? '

b | Number of targets in Group T?

Target numbers in Group 7°?

Number of targets in Group 87

Target numbers in Group 8?

| Number of targets in Group 9?

‘{ Target numbers in Group 97

Number of targets in Group 10?

Target numbers in Group 10?7

Figure A.2q Completed Input Data Form, Page 3
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APPENDIX B

GENERAL MODEL INFORMATION

B.1 SAS MODEL FLOW STRUCTURE

The SAS computer model consists of a main executive routine and five
subroutines. The major function of the executive routine is to modify the
probability of target existence array and schedule the next event to occur as

the simulation progresses. The main routine directly communicates with three

of the five subroutines. Subroutine GINPUT is the first routine called by the
main program. GINPUT is called to obtain all necessary input required to

perform the simulation. This routine also insures that probabilities of hit

have been computed for all target/aim point/firer combinations when targets

are in their initial positions.

As the simulation proceeds, requests to modify the status of certain
targets will occur. Subroutine STATCHG is called to insure the parameter data
describing the new target status has been stored and probabilities of hit are

computed for the target whose status has been modified.

After the simulation has finished, subroutine CONDPRO is executed to
evaluate the expected number of targets destroyed and conditional probability

that a fixed number of targets remain with time.

Subroutine GETPTH is called from both subroutines GINPUT and TAREXEC.
Subroutine GETPTH determines the probability of hit for a specific target,

firer, and aim point combination.

Subroutine TAREXEC is called from subroutine STATCHG. Subroutine TAREXEC
is used to handle data base storage and retrieval of information required to
perform the target status change. Once the proper information describing the
new target status has been obtained and stored, subroutine GETPTH is called to

evaluate the probability of hit for the status change target.
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The general flow structure of routine calls within the SAS model is

summarized in Figure B.l.

B.2 STORAGE REQUIREMENTS

SAS creates a direct access data base file used to store probability of
hir for each combination of target, aim point, and firer. Disk storage
requirements used to store the SAS program source code, object code, and data
base file are approximately 20K blocks, where each block contains 512
bytes or characters. The amount of storage required depends on the complexity
of che simulation. The estimate of 20K blocks is based on a simulation with a

comparable level of detall as the example presented in Section 3.

B.3 SYSTEM CONFIGURATION

The SAS model was developed on a VAX 11/780 computer system utilizing the
following peripherals:

Memory: 768K bytes Extended Core Storage (ECC)

MOS memory (with floating point accelerator)

Disk Drives: RM03-67 megabyte hard disk drive

Printer: LP05-600 lines per minute

Terminal: VT-100

The operating system used while running the SAS simulation model was the

VAX/VMS virtual memory operating system.

B.4 SOURCE LANGUAGE

The SAS computer model is written entirely in extended VAX FORTRAN 1V.

Although an extended type FORTRAN was used, an attempt was made to minimize
the use of instructions which would not be available in ANSI standard FORTRAN,

thus allowing the code to be transferred to another type computer more quickly.
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APPENDIX C

DOCUMENTED SAS CODE LISTING

C.1 INCLUDE FILE

The include file used by SAS contains a set of parameter statements used
to define array dimensions and selected variable values used by the SAS model.
Should the size of an array need to be altered by the user for a particular
application, the user may appropriately adjust the array dimension parameters
defined in the include file without modifying the SAS model. The model may
then be recompiled and executed with the new array dimensions used. Whenever
the statement INCLUDE 'W.INC' appears in the documented SAS computer listing,

all statements contained in the include file are inserted.

c W.INC -- Constants used in SAS.
PARAMETER MAIMPRY = 10 ! Maximum number of aim points per
c target, ordered by prioricy

60
10

PARAMETER MAIMPTS
PARAMETER MGROUPS
PARAMETER WSEED1 = 23
PARAMETER WSEED2 = 41
PARAMETER WSEPOIS = 75
PARAMETER WSHOTS = 100

Maximum number of aim points
Maximum number of groups in TGROUPS
Initial seed value for RANDU
Initial seed value for RANDU
Minimum separation distance
Number. of shots fired to find a

!
!
!
!
!
!
!

c ! probability from, using Monte Carlo techniques
PARAMETER WSTATC = 99 ! Maximum number of status changing targets
PARAMETER WTARGS = 140 ! Maximum number of targets
PARAMETER WICOLAT = 15 ! Maxiwum number of collateral targets

C ! destroyed when a target is destroyed
PARAMETER MTMITGA = 16 ! Maximum number of targets than can be

c ! hit, given an aim point
PARAMETER MTITLEL = 30 ! Maximum length (in 2-byte words) of hardware

C ! option title
PARAMETER MTITLES = 5 ! Maximum number of hardware option titles
PARAMETER MTMINTS = 20 ! Maximum number of rime intervals
PARAMETER MWTYPES = 22 ! Maximum number of weapon types

C end of W.INC.

C.2 DOCUMENTED SAS CODE LISTING
A documented code listing of the SAS computer model is provided in this
section. Theé listing is intended for the reader who desires specific details

on the operation of the model.
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PRC3IKAm SAS

T*CLUDE *a,INC* 1
CI14DN JL1/ wCEP(MAFYPES) !Almming error array. ]
Soe 0 L2/ ARATE(4ATYPES) !~veapon firing rate array.

Cor e /0LA4/ PTRXISE(Y CARGS) {Probablility that a particular 3

tarqet exists with time,
FEVENITH(I) - Next status
change event time for tare

a1 /0LS/7 EVFENTIM(MTARGS)

{oa7 dubabents Jag TR Al 5 ottt s

Jet 1,
? Ch4tGil /LA/ N'MMTRGC(#TARGS) {Array of target numbers, :
C2aw0y /05T/ 1TRRDES(41A5GS, 5) iarray of 10 character taraet ]
) ! descrintions,
o CIvaC ) /LR / TARAICHAR(WARGS, 6) fArray containing target data,
CHv 8! /LI/ SvTIPF(*TARGS) {Array containing firer’s

veaoon type,

‘'yrper of rounds available to
each firer.

Array listina aim points by
priority for each firer,
NALAPRY(I,1 thru MAIHMPRY)
contains all aim ovoints for
¢irer I, with NAIMPRY(T,1)
tei{ng most irportant,
LAT4PRY(1,2) belng second,
ana so on,

Array specifing tarqgets which
TAay te collaterlly damaaed,
MTCOLAT(T, 1 thru HTCOLAT)
contajins all ‘targets which
may e cnllaterlly daraned
hy nitting target “UVTAR(I).

Array of ain point numcers,

Array of 19 cnaracter aim point
dJescrintions,

Covugy /U187 al#CHAR( _T4P 13, 4) Arrav of aim ooint data,

1
/L10/ UROUYDS(4TARGS) !
]
1
[]
]
!
¢
[
1]
'
1
4
1
!
[]
]
1
]
]
!
Cimvilrr /L16/ “THITGA(-AL7?TS, “THITAA)  lArray soecifing a 1list of tare

]
!
]
]
1
1]
[}
1
!
H
H
H
!
!
!
!
!
z
{

oo /L11/ CATePRY(.TARAGS, “AI4PRY)

TR TR
e

3

4

K3

Q

|
A
— e tmmms o 'ar

Cw =i /G127 TCOLAT(NTARGS, *TCCLAT)

I

— o

y Cuangr /L1337 U“ALS2(A1~218)

Choe 3 i /U147 YATI3S(RLI~2T3, 3)

gets wnich could be hit by
¢iring at af+ point
NUYATVP(]),

Array used to store simulation
results, RESULISC(I,J) w~ould
contain the ovropaoility that
target I would still exist
afrter J time intervals have
slavsed,

1TGA) lArray used to store
crohanilities of hit,
PTARHIT(IL,J,K) contains the
the orooabllity that firer
~J*TAR(I) fires at aim point
MUTATAP()) and hits target
SU*TAR(K),

Name 0f nutput flle where 4
rasults are to be written,
“axinym of 10 characters,

Coom Q™ /ULT/ PESULTS(*{BRGS, “T™L=TS)

|
l
P‘ CO%40N /L18/ PTARHWIT(“TAPGS, wAIMPRY, T
{
I

COM4ON /1197 HANEDFE(S)
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! ulation,
RTAL. PTEXSV(MTARGS), RIL4E(MTXINIS) IPTEXSV 1s used to temporarily
! save the PIEXIST array while
! corputing cellateral damage
! eaffects.
! RTIYE {s used to porint out
! tine nheadings in results
! outout,
1
‘
1]
1]
t
:
N

I TEGER NFIDX(¥TARGS) NFIDX Ls an array useqd to determine
the {ndex of the next ate
tacker or defender to fire
Entries {nto the NFILX array
are pointers .into the
PTEXIST and VUMTAR arravs,
CHAZACTER %2 CAVEQPF, MANRIDF, JA¥SDAF, AVETDF, NAVEADF, IAI%DES,

1 ITARDES

Infrtfalize afnminy error for eacn «~eapon tyoe,

€303 ¢)

Dary «CFED/0,S, 9,5, 1,5, 0,5, 0.5, 0.5, 0.5, 0,5, 15.9, 1.12, 0,5,
1 ia75, Yal9, 0.75, 0.7%, 2.75., 00750 0075' 00755 22.5,

2 1.6q' 007=l 1001 ’.01 10‘)1 1-00 1.0, 1.0: 1-01 1.0' 30.0,
3 2.24, 1.6/

Inftialize firing race for mach weacon tyce,

€2¢3 )

ETA ~RATE/1.714, 6.3'6, A,31n, 2,343, V.3, 0,179, 6,0, 0,109, 4,0,
12,0, 0,133, 1,711, 6,315, S.3135, 0,343, 0,3, 0,109,
Beli, Jaldd, 4,0, 12,0, N,133, 1.714, 5,31/, H»,316, 3,0, 1,2,
1.2, 5.7, 0,129, 4,9, 12,9, 9.133/ !

W = Q)

Inittalize ~axiTu~ smacon kill ratins £Or each we3pan type,

(3€2¢)

. 0,0, 2.2, 0,0, 5.0, 0,0, 0,0,
¢ 0.0, D2, 5.0, 9,0, 0,06,
.

CATY <X<2an/a,0, 0,0, 2.0,
1
2 0001 0-00 5.01 0-0: 000/

0.0, 04N
DeVy Daly, 0.0, 940, 0,2, 0,)
DeD,y VD, 2,0, d.9, 2,0, ¢,0

ot GL.PUT 1s called to ifnsure all data "as oaen »btained for the simula-
c tion aaa all orabpanitities of nh{t nave teep determined,
"~
-
Conll, T17PIT 3
”~
2 [f An error occured w«nite gntaining innut, branch {s taken to avoid
< {ncarrect simulation results,
”
IF (JFRAQR NE, 0) G2 1) 4190
~
of Seed 7aluss €Or tne random qunber qeneration routine RANDU are initial-
jod izes,
IS~=e¢dt = 3. 0801
[SE-D2 = "S%FD2
-
< Infrializ2 1% te »eain the sirulation,
-~
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T4IS = 9,0

Set tne next statns chanoe event time to 7dreater than the total simula~
tion tine, This value of STYIN is used {f no status chanaes are neces-
$Arv,.

SU4IN = TUAX¢1,0

1¢ status cnanges ~ere speciflied, STATCHG Is called to obtain the tine
when tre first status chanje occurs, This value {s stored In S$T~14,

IF (%STATCS .GT. 7) CALL STATCHG

TLRES 1s set to tne point {n tire «hen simulation results were last
savad, Tnis value is nzed in determining <+hen to save the next set
of output results,

TLR®S = TSTART=DFLTAT

1L9€5 is the nurper of simulation result sets saved,

IL2us = 4

Inftiillize probarilitv of existance and numrer of rounas fired for
eacn firer,

DO 107 I = 1, MTARS
PIEXIST(T) = 1,7
'PLEFDI NS DEE TN

€T 0is

The f911ls¢{nq code secticon Hdetermines w~nether more tnan one firer is
scnadialei to fire at the ~resent fnstant In tine, N~41'ED contains the
numner of firers +ho are scheduvled ra fire,

Initialize (#1¥590 tH 1 firer,
dvInEd = 1

maximize tne raxt firing tive {n THNIN, THIN is used ro obtain the
firin: ti-e for tre next 4afender nr attacker to ftire,

TA4IM = T¥AX+l,0
Looo for all firers to determine the firer or set of firers to fire,
00 S0% 1 = t, VTaAvS

rne ¢iring tire for firer I, SVENTTA(I), 1S couwpared to TuIN, the

1o#4ast firina time tound so far, If SVENTTY(I) {s areater than TMIN,

no action {s taken and tails firer will ao% €ire until later, It
EVENTIT4(I) 1s evual tn TMIV, another firer nas been found with a firing
eq1ual to the minivum firing time oreviously found, He #ill be consider=
o4 ag 3 cand{date t~ f{re at this tine alony with all other firers
naviny tne sare “asxt shot" firing tive, The index of thls firer is
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(RS ERRE) €030 €ITICICLICNCD

€3CICILILILICY 2 CDCDC) (¢ NERERE]

EVICIEICICDLRLD

[CEERRERNRNS]

[¢EE Nt N¥)

3970

599

604U

savagd in tne FIDK arvray, Tf EVEVTTY(I) s less than the lowest tiring
tire founa so far, tnis firer vecomes the orime candidate to tire, A}l
{nforanation concerntian oreyjous canijidates {s Jestroved by settingd
HAT.EY to 1, Thne {ndex ot tnils firer {s saved, and the THIN value {g
redaced to the firir3 time nf tnis firer,

I® (SvS~PTv(I)=TvlN) 300, 400, 500
Set T!IM co the next =inirum event timne found thys far,
THIN = EVENTTH(Y)

Set tye ny~rer of firers found naving firin3y tires equal to tre new
alninym avent tire to 1,

ST =

Storea tne {nnex of t:s ({rer navinj tne nes m{nimum event time into the
e IDX array.

117X (1)=7
GY T SO0

Increrent t: e nun~er of firers ~aving 7inimum event tire,

DD SO RS SN |

=raach hacxk to too of looo 1€ the event tire for all firers has not
caen cnecced, Atter all firer’s firinq tires nave neen conpared, T“Ix
«111 chrtalns the 1inj-gr f{ring time, FICK w{ll contain !(niicies of
3l1 €firars naving tols wingnen £iring tive, and w»]l"Es #{1]1 contain the
nun~er of firers -1t eayal ~inimun firfirn tires,

cirrreus

Jeterwine snether t-e naxt set of results should he saved,

TLPES 1s tne tise at «hich the last set of results -as saved,

FOLTAE {s toe tine i{ffaresce betaeen rescvlt ogutont, herce TihFS 1s
the tire At aaich tre naxt set of results (s to be saved,

TYRTS = TIOTS+nHELTAT

It the tlne Oof next result save 1s less than(or =7ual tms) tre tire that
tne next firira occurs, tnen resialts for the sivulation at ti-~e TwRFS
are saved as the current value in tne PTEXIST array, since only firing
s{itiations cay effect PTEYIST values.,

IF (T:228 5T, THIN) GO TCQ 2C0

Save sinrulation resilts after 1'ReS units of time have elaosed {n the
sinylation,

D) 737 1 =2 1, ITARS
RISJLTS(L, IL“ES) = PTEXIST(T)
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Increrent the index fnto tne results array to point to the location to
store resdalts for next time incCrement,
ILwES = (LAFS+]

Increnent tne tine at which the next set of simulation results should
be ontalnec,

(ReEYLACICRCAEDCD

i TI,RS = ['NRFS
; 3J TO 890

1f rhe ti~e of the next firina {s greater tnan the maximum time desired
tor tne si~ylation, obranch to outout results and end,

N
(SRR EENE]

b ! 800 IF (T4I4 ,3T, TYAC) GO TO 3200

if the tine of tne rext sStatus chante (s less than or eaval to the time
at =71ch tra nrext player firas, oerform tne statys cnanase before
3alloviny t=~e clayar tn firs,

Ierererey

IF (T"IY LT, STAIN) 66U TI 900

4+ -
—tb ol
[ U7

43intain seed vial:es so that varving the nuruer of status chances, etc,
dorg not effect tne selection Oof raninr numsers u<eqd ov the Tain

L

(SRS ERER NS

orairanm,
K ISHTRIS = 1SESDY
! 1597328 = 1SERN?

Perfor status crarne,

(R RS NE]

Tull, STATCHS

If an error occured guring tne status change, branch and end execction,

(2€2¢)

i [7@ (JERRIK MF, D) A0 D 419¢C

“sestanlisn passicly modifled seed values,

[ERPNE]

. ISEFPY = [SEFDLS
" Iees0? = T3€E728

Selmact tne Index cf the next player to tire, Initially assune tnat
tnere {s a sinnle rl3ver +~n Fras a anigue 7{nimyn resoonse tire, If
tnere {s a unjque claver with ainimum resoonse timne, the index of this
claver «osuld ne the first eievent {n the IFINX arrav.

(SRR NSRS NS NE]

0
s
ol

NFLPRERECFIOX(])

I¢ anly »ne firer 1s selected, nranch, The firer’s {ndex i{s stored {n
LEIRER,

(2 ESRFNE)

IF (MAI4EDY JFae 1) GNP T 1460

«
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It there exists rore than ore dDlayer «ith equally ainimum £iring tinme,
tren a selection *ust oo -~3je as to «nich Of these nlayers is to fire,
T'~e mathoiolozy to select o«hjich of these vlayers {s to fire is based on
the oririss that =2ach player nas an equal chance of firing first. A
uniform rangon nu-ser on the real interval (0,1) is selected, This nuere
oer is the transfnrred to tne realL interval (0,I4INE]J), where N¥INEQ {s
thne nuaver of clayers naving eqyally ainirum firing times, by multi-
clyinn tne U(N,1) randcm varfanhle hy 5%I5LEQA, The Y(O0,NJINEQ) random
varianle {s tren transtormed *o the interval (1,N4I14E0¢1) oy adding

1 to the U(0,%21%¥1) value, Next, the U(1l,vM1lnEQ+l) random variarle
value {s truncared ootainina the {niex into the NFIDX array o¢ the

next nlayer tn fire, The truncation is performed automatically by
assiuning the real value ~etween (],N%IdEJ+1) to an inteqger variable,
ir tnis case "EXTF,

CaLlL RADY (ISFRED1, ISEED2, W)

JIntain in4dex to next firer, H<XTF, xnich 1S an intener numner betwseen
1 and il Za,

NEXVFSUSFLOAT(NMINE )+,

s=tain tndex o€ "Slaver to fire In hFI<ER, NU4TAR(NFIRER) {s tne actual
firer nu»~er,

SEICERSLEINX(AEXTF)

5ava tne oarabanility ot existance array temnorarily so tnat collateral
347338 ray ~e assessed corectlv,

£ 1550 L =, MNTARS

PTEAS (1) = PIexXIST(I)-
CouTr i
Ontaln the orovbaoliftv{stored {n PFIRTX) that tne firer which has been
sslactedi to tire, {s still arouni to fire(le =« PFIREX {s the probabile
Ity that tne €{rer -as not heen klilei vrevicuslv),
PE{2x4{ = OTEXIST(FT-ZIR)

PAIMC IS tae cymalative ororanility that the firer has selected an aim
anfnt to fire at,

JJ 1s an {rdex into the NAIVPRY drray snecifing a particylar aim point
fron tne srioritized list of aim ooints the tirer NFIRER may ain at,

JJ = 1

{ne atim snfnt nurrer is stored in ~AL“FT, This is used to index into
trhe :THLTIGA( iuroer of Taraets HIT Given Aim point) and tne PTARHIT(
Prornaoility Talcet is HIT) arrays,

TATPT = IALAPRY( FIRTR, JJ)
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NAIMPTZN fntfcates all a{x ooints that firer HFIRER has selected to fire
at have %“een evaluated, The eranch (s taken, completina the ‘perform
firina event code section®,

[F (tALlteT LEQ, 0) G2 13 3000

P {s the prnbavilitv that ¢irer ~FIRER has not fired at an aim point
iavesticated oreviously,

P 3 1,0=PAfMC

P=0, fnaicates that the firer, given ne is sti{ll alive to ftire, nas
already selected ai~ coints to fire at ~ith probability equal to 1,
Thus, he «ill not fire at otner oossible aim points, and nence, the
branch is taken ending the “nertor™ ftiriny orocess’,

IF (P LEJ, N,0) GO TO 3009

~TARGET {n tne nuc~her of the crimary taraet associated witnh the aim
point wnoose inaex is alvan bv “ALMPT,

NTARCET = NTHITGA(HATYPT, 1)

The methodolaay used to determine the provanility that the firer fires
at a narticular ais point 1s outlired {n the tollowing text,

ire taraet arrav {s sesarcned to find the index of «TARGET, The index
t9o "TARC<LT Is storesd In ITa“GrT ~hen found, 1f not found, an error has
occnred {n definirnd taraesr status chanae In {nout and an error ressaae
is issved,

The £0lloving statements are nsed to determine the orobablility that a
varticular air point {s cnosen,

SfuT 1) 1ne prohability that the orimary tarqet, associated with the
the aiT point tne firer is firing at, exists(stored {n PAIN),
or

SY1T ?) tne nrobaoilitv tnat the firer has not fire? at an ailm point
creviouslvi(stared in P,

Each time a nlayer {s selected to fire, ne will either select
one als noint to fire at or choose not to fire at any aim point be=-
cayse of nign protacility that each orirmary target has been destroved
rreviouslv, This concept may he exoressed in terms of nrobabllity as
follovs:

RULE 1) The probpaollity that the firer either fires at one of the aim
points In nhis prioritized aim point List or chooses not to fire
myst sum to 1,

tformally, the prooability tnat the firer fires at a particular aim

point on his prioricized 1i{st of aim points i{s the orobability that the

orirary tarcet associated «ith that aim pofnt sti{ll exists(RULE 1),

k3r)ly in the siqaulation howvever, the oroban{lity that each of the ori~
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mary tarsets(asscociated with the prioritized 1ist of air points tnat the
firer is interested in) sti1ll exists is qguite hiah,

Since tne orobaril{ty that he fires at each aim point {s pro-
nortional to tne ornranility tnat it’s prrimary taraet exists(ST*T 1),
3 pro~arility tnat n¢ selects one ot the ain points {n his prioritized
11st 1n cruld excemes |, Tnis violates the condition svecified in FULE
1, {ence, 3T#T 2 {s necessary to avaid tne s{tuation where the prob-
an{lity ~ould excees 1 for the firer selectina aim ooints In nhis prie
orirized list to fire at,

Tre follovirs example fllustrates in vetter detail how ST¥Ts 1
and 2 are ysed in trea situlation, Supoose a firer has the choice of
firiny at one of these possinle prioritized aim points(Al, A2 or A3)
or not to fire at a:l vecause the primary targets asscciated with each
nf rnage ain voints .sav have heen Jestroyed previously, The follewing
tatle gives the protanility trat the primary tarqets Ti, T2 and T3
(assoclated witn alm points A1, A2 and A3 respectively) have not teen
oreviously destroyea,

Tt T? T3
'5 .; 1.

In tnis exa ole se «x{l]1l assume that the firer’s strategy is to
first fire at aiT onint A1 attesotiny to destroy tarcet T1, and atter
f1 is 3destroved, ne will fire at afin point A2 atteroting to destroy
tartet T2, ani so on, Tne croranility tnhat the firer chooses to tire
at a1 is 31fven oy the ninimur between PAI'N(computed by STHMT 1) and P(
craogted ov STYT 2), PATY as co-oyted by ST+T 1 for tne primary aim
naint 0of {nterest, a1, wouli pe:

3a1v=1,=,5, xhere 3 {s the orooansility that the primary tarcget
(T1) ass<ociateA «itn alm point Al still exists,
lnus, Falv=,5 for aim point Al,

, sricn 1s tae cronanility that the firer has not fired at a
orevinys aim polnt s initially 1, since this {s
tne first atn point tnat way ne chosen,

]

rvus, the prosanility tnhat tne firer chooses aim point Al to
fire at {s ai{ven bv the wininum of PAI*(,5) or P(1l.). This
sroraci{licy, «nich is stored in the variaole PFIRFEAP, is .5 for
ait point At, 1nis leaves tne firer witnh 3 »naxirum probability
a1yal to .5 of ~e{na ascrle to tire at 3im ooint A2,

T~e Pal% valye for ¢t1iring at alm™ ooint A2 is the probability
trat tne orinary tarvet assnciated «#ifth aim ooint A2 still exists(PAIM
=,3 froa tanle), P is tne cronacility toat he did not fire at A1(F=,.5),
Therefore the crotanility tnat aim point A2 1s selected to be fired at
15 Jiven »nv OFT&vaF=,3,

ine ®al+» vaiue for firing at ain ooint A3 {s 1,, obtained from
the tanle, P {s tre nrokanhility tnat alm™ oofnt Al was not chosen and
atn oalnt A2 sas rot cnosen, which IS expressed obv:

P=i=(,S(probability Al Selected) + .3(probability A2 selected))=,2

342 C2CR UDEICDCACILEICICICICDLICICDCDCRCICIRDIEDCRCRICICICNCDCICICRICACDLICDLICDLICRCNCICICDCICRLCRLICICICICACICRAY

PFIRZAP {s Jiven as tne ainimum between PAIY=i, or P=,2, Thus,
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tne srobacfility tnat ain ooint A3 {s selected to he fired at {s
PFIRIAPS, 2,

Notice tnat {f we add the oroocarilities that the firer fires at
ejitner A1, A2 or A3 se cet 1,(le = ,5+,3+,2), This,hovever would not be
the cise 1f tne oro~anility that orimary target T3 existed was less
{han 2. Then there «50:uld oe 3 prooapilitv that neither aim point A%,
2 or A3 4ould be salected(le = tne firer would not fire, since the
orimary tarqgets assoclate? with aim points of {nterest to him would
have peen Jjestroved oreviously, The followi{rg data summarizes the prob-
acllity that each ot tne ai™ points Al, A2 or A3 Jere selected:

Al A2 A
5 o3 o2

This ends tne alm ooint selection descriotion section,
D) 1790 [[ARG=ZT = 1, ~TARS
1F (NUMTAS(ITARGET) €454 NTARGET) GU TO 1800
Ciwr s
TV27 %, *TARGRT *, .TARGET, ° COJLD INT BE FOUIND(3),’
57 £3 4179

set the aronacility that tae nrimaty taroet associated «ith aim roint
1L PT still exists, and store into PATM,

Prl4 = PRIXSVIITACGFT)

seter~inte snetner to uyse PAJY or P 3s the provapillity NAIYPT {s Select-
e! tn na fired at,

IF (PIL4 ,GF. P)Y GO 02 1900

Sat the srozAarility of f{ring At this aim ooint to tne prohanility that
toe oritary tarizet assocjiated with this aim point has not been destrove
21,

D[ Eap T DAL

Incresent tne cumulative orooaollity that the firer has selected an aim
ra{nt nr2ryinnusly v adding in the arosani{lity that this afm point was
salacted,

SEIMC = ANLACHPFIXTP
37 TO 2030

Tve oronanility tnar the firer fires at this ailm ooint, PFIREAP, is the
remainina oroocanility that he has not selected a aim ooint previously,

PELIREAP =2 P

In this situation, the firer has definitely selected an aim point from
those evaluated oreviously, hence PAIVC is set to |.

e\l4C = 1,0
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{ne naxt section modifles tne provanility of ex{stance array, PTEXIST,
aoorooriately for all taraets cossiblv effected by ANFIKER firing et ainm
point NAIAPT,

At tnis point a firer, NFIRER, nas oveen selected to fire, an
aim ooint has naen cnosen, “AI¥PT, and tne probability that this afinm
ooint is fire4 at has been Adetermined and is stored in PFLlREAP, The
effect of tris evert on the tariet e9xistance probability for all tar~
gets vhich may be dJamaged #{ll now be Jetermined,

XK 1s used to index a carticular targysat which may be hit by
tiring at aim point HAI»PIr, KK {s {nitially set to 1, svecitying the
tirst tarset(tne orirary taraet) assocliated witn aim point NAIMPT, The
actnal tarqet nurter corresoonding to aim voint NAIMPT and index KK {s
aiven oy ‘ITRITGA(NAL“PT,KK) and stored in NTA4RGET, The orobability that
the taraat scecifimd oy X< is nit waen MFIRER fires at aim voint NAIMPT
is odtajined from tne FTAXHIT array and stored in PTH,

I'ne pra»aniliry that tais target still exists after NFIRER
fires 3 shot at aia peint 1AI“PT is combuted by multirlyinag:

1) tne oroo3oility Ttnhnat tne tarcet nas not heen destroyed pre=
vinuslv, fro=m the >[<YIST arrav. (This is also the probabpil~
fty tnat tiais targjet exists cefore this shot is fired, For
si*nlicity tone phrase "tnis sShot tired" +ill be used to
aveisd renetirion of the »nrase NFIPER fires a shot at ainm
natnt LAL(VRLM,) &

2) tnhe or-ananilitv taat the tardet still exists after this shot
is firead,

This is tne oronaocllity that tn2 target «as not hit previously
a3 continies to re2.aln unia-dceqd after this shot {s fired,

Thne ororarility that the tarqget still exists after this shot
{c¢ fired {s o .gal to:?

t,=tne drovavpilitv that tne tarqget {s hit by this shot,

The oraran{lity that tre target {s nit by this shot {s expres-
s23 ~y "3ltclyiray

e

1) ths oravacility tnat the filrer still exi{sts to fire the shot
({# =« »a> has not oeen kllled oreviously), stored In PFIREX, X

?) tre ~razanility that, siven the firer still exists(ie - can
tire), ne selesrs 3fm point “AIV3T to fire at, stored in
CF{IEAS, X

3) the oroc3oility tnat, 3iven tne firer still exists and he
tires at aim pofnt NAI¥PT, ne can hit the tarqet, stored {n
PTH,

———
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Collateral ansge is assessed by 4decreasing the probahility
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nan ned

tnar collaterally 3j3anaged taraets exist by the probabilty this taraqet
~as nit,

Inftialize axX to Dotnt to the first target which ray be hit by
girina at this ain noint,

€A12¢2¢2€2C)

2920 Kn = 1

Tne orobaoility that €irer \VFIRTR alms at the JJth aim point in his set
of oossible aim polnts and "its tne KKth target w~nich may be hit by
firini at this al» zolint is stored in PTH,

il “aaht i) s 13 . oAt R BLs F s bl ..

€2€2¢2¢24¢2

=

3

‘3 2100  PTH = PTARHIT(NFIRER, JJ, Kk)
. o If the nroeabllity of targqet oit {s zero then branch to avoid modifica-~
§ g tion to PTSXIST array, since the orocability of target existance will
2 not ne eftected.
i I¥ (PPY B3, 3,0) GO TN 2390
‘ﬁ o Ootala the nurber of the Kith tarqet wnich may oe hit by firing at the
4 bod aim onint.
STARGAT = STHTYTGA(NALIYPTY, %K)
ot 1f tnis taraget nu-ner is zero, All taraets which ray de nit by firing
jod at the ai{" coint ATYPT nave heen exanined, Aranch is taken to modify
< pronadbllity of target existance sihould tne next aim point be selected,
TE (NTPARSEC L£3, ) GI 1O 2300
~
ol Tne oroo2anility toat target HTARGET {s not destroyed by HFIRER firinag
< a sintle snot at al7 point VAIMPT {n comouted and stored Iin PTAROES.,
PTARDAS = 1,0-PTHEPFIREX®PFIRELAP
~
o] Datermine the {nijex of the next taraet NTARGET {n the NUYTAR array.
DY 2200 ITARGFT = t, <“TARS
IF (NUYTAR(ITRZRGIT) L€%. 4TARGET) GO TO 2300
2290 CoauTlad7
TiPF &, ° TARGET %, NI1ARGFT, * COulLD QT 3£ Fousd(1),”’
07 TN 4130
vv {s used to deternine the next tarjet eaich #1111 suffer collateral

43mage should tarcet STARGET '»e nit, “v 18 set to 1 initially to select
the fi{rst collaterally jamajed taraet associateed «+ith Aestruction of
STARG=T,

NN

2300 R I |

Aotain the nurher ¢¢ the collaterally danaged tariet in NCOULTAR,

€3¢21(0)

2490 NCOLTAR 3 NTCULAT(ITARGET, “¥)

[SN$]

Tt “COLTAR eanals zern, all collateral 4danaqe taraets associated with
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azstriactinn of targat NTARGIT nave oeen process2d, and branch to modify
orohanility of existance of MTARGET value, PIEAIST(TTARGET),

I[F (#COLTAR LFQ. 2) GO 10 270)
imtain tae innex of “CIOLIAKR {n tne IUUTAR array.

20 2590 LCCLTAR = 1, . TARS

IF (NUATAR(ICOLTAR) KO, “COLTAR) GO TO 2600
CINTINUE
TYPF %, ‘TARGST “, *CaLTa», 2 CHULD NOT 8F FOUND(2).’
57 TO 4190

<odify the orobab{lity trhat tnhe collaterallv danajed target NCOLTAR
exists by rultplyina {t’°s ~revious existance prooability by the prob=
an{lity tn~at taraet YrAxGZj {s not hit by tnils shot, Collateral damace
15 assessed to tarayat NCOUTAR assuminag tnat {f target NTARGET (s nit,
GC2LIVR will also suffer eznal ganaje, Tne nodel does not oresently
aAllo~ tne user to Input A nroraniliry of conllateral damaae to taraet
“COLTAR Lf tAaraget LTARGET 1§ nit, The crobaoilitv that target NCOLTAR
is 43ar~a3ea L€ YIASGET is nit is 1.

Prex [ST(ICILTAR) = DIFXIST(TICGLTAR)*¥PTARDES

+t {s inrcre~erted t» ~oirt to the next collaterally damaged tarqget,

1" = LIRS ]

It v Is lass tnan the raxiwum nuyrper ot tarcets wnicn can be collatere
3llv 1arazed ~v nitrina tar=er ~13954T, obramcn and orocass next collat-
erallv 4amsved target, st-~eraise tne nraoability of mxistance has been
nviffle? for all collaterally “2maj2d tarqers,

1T (44 LT, SICGLEL) O iN 24D

»0i{fy tae orocavilitv of existance for taraet !TARGAT to reflect tne
chanaa {7 ex{stance oro=a~ility due to firing tnis snot,

Pr=IST(ITANGHT) = PTEXISI(TIACIST)*PTA®OES

Increnant <X ro9 onint tn the next tariet shicn nay be nit by firing at
aim oaint W 1vFl,

KK = <K+t

If KK is greater than the maxirus nu=wher of tariets which can be bit by
firina At a ~fven ai{m point, all tarocets have peen orocessed for this
3fr onint, ~-nersaise nrancn to modify all taraet existance orobabhile
ities effectesd by nitting the next tariet associated «#ith tnis aim
point,

IF (KK ,LE. 4TH1153) G0 T 2100

increvent JJ to point to the next alm ocoi{nt avallable to the firer for
salection,
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JJ = JJ+l

T JJ is less than or equal to the maximum number of aim voints perm{it~
ted tor a given tirer, hrancn and orocess next aim coint, other»ise all
aim ooints that this firer ray shoot at nave been processed,

IF (JJ LA, sATI4PRY) GO TO 1600

“sT is a xey {indicating the tyne of weapon used by NFIRER, the player
«na fust fired tne last round,

e P o= AATYDE(NFIRER)

SVEXTT4(IFIRER) {s the tiwe at xhich tnis player os expected to fire
nis next round, Ine expected %ime t» aim and fire tne next shot stored
{n tha .eacon ftirinc rate array(+RATE), 1s 3dded to the present value
ot TVSHITY(IF[RER),

EUROTPA(NFICER) = EVELTTY(NFIRER) +4RATE(NAT)
Tne niaher nf rounds fired Sy NFIRER {s incremented,
FROGUAOF(UFIRER) =2 LROUadF(VFIRER) +1

Tf “FIRE2 nas run oyt of arrynition, a ness29e 1s printed and the tire
at «nich ne firas nis next shot 3nd tne firar’s next shot event time
1s set 1redlsr tnan tre tota) sinrvlation tine to fnsure that he will
not tire acain(uniess ne aciuires more s-runition at a later date {n
tre similationr),

LF (WRIVIDF(NFIRER) (LT, YROUADS(NFIRZR)) GO TO 200
I<LTE {3, 3107) AFUZER, EVALITY(NEIREIR)
FopUAT (¢ FIRYR: 9, 13, ° RAN JUT NF BMVUNITION AFTFR *, F10,2,

1 7 SECHNNS, ")
FYSITTACIRTIRE®) = T*AKe1,0
e 3 2un

The st ulation 1s conolete ~itnh pronacility of existance results stored
tor aAll tartets at a3zn PTLTAT time {nterval {n tne RESULTS atrray.

necrestent [LRFS tnh the axact nuroer of tine interval "snap shots" saved
in the <“S50LTS arrav,

1,875 = JNLRFS-1

#{11 tne ITIYE array «~itmn the tire at which each "snap shot" of taraqet
existance ora=~aniltities +~as taken,

#PTIIE(L) = TSTART
DY 3390 U = 2, ILFES
RTIYE(T) = RII*~<([=1)+DELTAT
C'NTLIIE
JT = 2%4TITLET +2
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3100
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3500
3500

(00N

3700

€126 0)

3I8n0

[FEE RS ]

€re¢rCac

39,90
4309

$2€202¢)¢3102¢2¢)

0r2ey

4100C

€2e31€2

(2¢2102

frame tne title «itn “%”°s, Qqutput first roes of °“¢°s,

4P1TS (3, 3409) (°¢°, I =1, JT)
FURYAT (X, <JT>A}1)

Outnut sirulatinn ti{tle with “*°s vefore and after each line,

DG 3890 I = t, NTITLES
ARITF (3, 3509) (ITIfLECT, J), J =
FOR¥AT (11X, *%°, <“TITLFL>A2, °%*°)
CHiMTLIUE

1, TITLEL)

end si{mulation title with row of °#‘s,
avITE (3, 3400) (°%°, I =1, JT)

$2ITE (3, 3700)

FYR=AP (/7)

wwite toag ontout ~eadina wnfcn contains time at wnich provability of
evistance resylts are saved in {acremants of HelLTAT time units,

i ICE (3, 3809) («IT*f(Ll), U = 1, 1LRES)
FoRar (7 TIwE ELAESEN=?, FS.1, 19(1K, F5,0))

Lcod to orint the probanility of existance results for all targets,
N 4005 T = 1, HTARS

orint pravacility of existance results for tae next target, all time
intervals.

s2ITE (3, 39¢9) I, (TTARDES(LI, J), J =1, 5), (RESULIS(I, J), J =
1 1, Itx¥S)

Frasar (11X, 13, S32, £S,3, <IURES=1>(1X, ¥5.,3))
Cawvrl JyiI

Tall C©1:1237 fo canrfne ore-acility of exi{stance values into expected

nu-ner of tar~ets left +it~ tire, I'"e user nas the capapbility to Cclas~
s{fv cnrtafn tarcets 17to croics tor analvsis oy tne COVDPRO suybroue

tine, & uyser for axarole may wisn to Jrouo all attacker personnel tare
nets ints one aroio enanlinag ovservation of the expected numher of at-
L3538 dersanael recainning «itn time,

C+LL CUDPRE

Close inouyc Gata file,

CLISE (J4lr = 1)

Ciose data zase file containina oronanilities of hit,

CLOSE (UNIT = 2)

Close outnut ~ats file containing exvected target existance probdabile
{ties,
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CLOSE (UNIT = 3)

Close tarajat Adata sase file,
CLISE (UIIT = 4)

Close afim poirt aata pase file,

CLOSE (UNIT = 7)
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¥ $32NITI%E CONDPK)

CINDPRN == 3 VAX/VYS FJIRTRAN subroutine which calculates
conijitional prooanilities, written €or JAYCOR by Joe Humphrey,
“dar 1982,

IT3R0UP contains 3 nu=wber of groups of tarvgets, each of
wnich has a orotaoility of ceina destroyed (In RESULTS). For
eacn arouc, the coniitional pronasility that {1 targets are
destroyed, as 1 aoeg from Q0 ro the nunber of targelts in the
aroun, are calculated and aritten to unit 3, This {s done
for several times of interest (TSTART, TSTART+DELTAT,

€3€2¢34PCD(ICICRICICIHCD

TSTARI+2¢%0FELTAT, ., o« o, TSTART+(TLRES=1}%DELTAT),
!
s | nefine constants and variabples,
R) 14CLYIE “a INC ]

PARAMSTYR QUT = 3 { Unit nuroer of outout flle

A -

C2ACTIR %2 IfAWDES(%“IAP3S, S) ! larset descriotors

[“TEG <R FIRST Pointer t» last destroved taraet,

)
o t= afrer tratling destroyad tarzets
ot = nave oeen restored (€., G, If KILLELD
- o te = FFTISFTTIT, FIR3Y = 1)
‘ I 7T#52] 3140 ! Injex to taraet 1in L[GRQUP
: L TZG7R 3RQUP t Index t> 3rouoeo 1a ITGKOJP
. IvTe532 ST1'0(STARGS) ! Conversi{on from GIND to TIND
IMT=GIR ILRES ! waroer of tivne increments !
[VFTGTR [IGROWP(MTARGS, ¥GRCL2S)! Taraet numnvers of targets In arouss
1IiIrs3¢3 LAST ! dointer to 13st dJestrnyed target
. I[7IZ37R LEYGTH ! nnnver of trailiny destroyed taraets
jod te (fo Go I€ XILLED = FFTITEFTIT,
‘ o te LEUGTH = 3)
' [vTSG3R WDEST ! Nymnrer of tarqgets to be destroyed
! 1~ [55%R MTArGS ! vygroer of tariets {n arouo
I LTGTR NouMTAQ(MTARGS) 1 Conversion fron TI4D to target
) s t= numcer
‘ [Ira37R T{&C ! janper of tine {ncrements passed
I«T&geR TINT { Tndex to target {n target array
Jod != (XZSULTS, TARNUM, etcC,)
I“TEGTIR vCRD { bointer to wvord of ITARVES
LIGICAL CILLECC“TARGS) ! .TRUE., 1f tne corresponding target
P od te In ITGRIJP is destroyed? .FALSE,
i of t= otherwise
HEAL DELTAT ! Lenntn of time increment (seconds)
REAL «PRIS ! Procabllity of an event (A
< te particular configuration of KILLED)
REAL EXPUDES(MTYINTS) !
k<AL GPRIZ(“TYINTS) ! Prooavilirty of a arouo of events (&,
T t= G, that 1 target is destroyed in
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100

2)0

390
V)

900

{= ITGROUP)

! Pronhanilities that a target will be
= around after so many time f{ncrements
! Starting tine

REAL QESULTS(~“TARGS, 4THINTS)
RTAL TSTART

COM40't /Ln/ MUATAK, /LT7/ ITARPES, /L17/ RESULTS, /L24/ DELTAT, /L44/
1 TSTART, 7Lae/ IIA2DUDB, /L47/ ILRES

Fin4 numwber of targats in croup, converting GINDs to TINDs,
Return {f 0 taraets in arouvo,

30 2600 5%0UP = 1, “GRUJPS
D 190 TIHC = §, IL2ES
FXO DES(TINC) = 0,0

CONTL UE

23 493 14D = 1, =TARSS
IF (IL{5R0UP(GLIND, GRIOUP) LE, 0) GO TN 509
23 292 rivn = 1, VTARRS
IF (ITGRYIP(GIND, CGRIUP) .21, NUYTAR(TIND)) GO TO 300
CARTIVUE
TYPH *, “Tarqet’, IfGRGU2(3IND, GROUP), * in ITGROUP not °“//
1 ‘found,”
CalL EXIT

ST D(LHIAN) = TTID
CINTIVUF
GIND = " TARGS+t
NTARGS = 31 Dei
IF (NLARGS W05, 0) 30 TJ 2700

»Tite title, target nmurhers and descriptors, and times of
Interest,

IF (G32LP .¥Q@, 1) HRITE (AUT, 609)
Fuaxsal (1)
aRITE (HuT, 760) GRUUP, (HUTTARCGTIED(GIND)),

1 (ITAPLES(GTILD(GI D), «JRU), ~OND = [, S), GIND = 1,
2 MNTARGE)

FORAAT (///%, *Cu«nITICAYL PRIRABILITIRS FOR 7ROYP w7, I1,
1 ‘y COUSISPI™G OF TARGETS:®/, (X, 9(I3, X, 5a2)))

ASITT (QUT, $9Q0) (T3TARTFLAA(TLiC=1)*D0CLTAT, TINC = 1, ILRES)
FLe 27 (/%x, I, <ILRESY(X, F9.1))

Start out itk nc taraets destroved, +rite numher of taraoets
to ce destroved, Initialize aroup orobadvility,

D 900 AL T = |, “TAR,S
CILLEC(RING) = ,FALSE.
CINTY . UF

0 23C0 ~UEST = 0, ~TARAGS

00 2000 TI~C = 1, ILRES
GERPNR(TINC) = 0,0
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(RESNENE]

Find evant oranacility., Su? ({nto Qroup prooacility,

ePprnNg = |0
0O 1160 GIND = 1, STAPGS
IF (KTLLEN(GISND)) TSEwN
FPKIR = EORUBE(],0=RESULTS(GTIND(GIND), TINC))
g8
EPROn EPROISRESULTS(GTLID(GIND), TINC)
r.0 IF
CNANTI IR
GPRAR(TINC) = GPHIOR(TINC)+EPKOB

Find 1ast tarqet Aestroyed, [€ not at end of list,
restore t-at target and destroy the pext one,

D7 1206 (AST = “TARGS, 1, =1
IF ¢XILLEN(LASL))Y GD TO 1300
COANTL: s
LAST = YAKRGS
IF (LAST LT, 3TARGS)
KILLES(LAST) =
KILLEN(LASTeL) =
G 1N {9gy
DR T

Last tatqet destryved ~= fir4 pnurber of tarnets
Jestrcyes at end oSt list, Pestnre thise targets,

03 1420 GIN® = LAST, U, =1

IF (07, XTLLE"(S(%D)) GI TO 1500
KILLED(5TMM) =  FALSE,
CourTlita

LAST=GIAND

Fine l3st destroved taraet (n revised list, 1If ncne
are cestroyed, ther al)l events for tnat number of
restrrysd tarjets have »een ¢ourd == fingd {t for next
tinre (ncrenent,

Ny Yted FIRST = LaST, 1, =1
1F (AILLEDCFI~3T)) 30 F) 1870
CONTU .UE
[F (L« 30= JGT, 0) ra<y
Du 1790 STV = 1,
KILLED(RTD)
[Schi b UL
F N 16
%) Tu 2000

estr~ys4 taraet found - restore it, destroy next
LENGT ‘+)] rtarzets, and find event probad{lity,

KTLLo(FI9Sf) = FANLSSE,
[ 1930 GIAD = FIRSTel, FIRSTeLEiGTHe




4
1
KILLED(GIND) = .TRUE, :
1390 ONTIVUE
G TO 17900
2090 CONTTI VUE 1
s 5roup orocacilities for all times of {nterest have been
pos found¢ (for 'NEST 4destroyed tarjets), +rite tnem and find 1
JJ < IroJo ororarflitfes for VOEST+|{ destroyed targets. ]
b IF (LENGTH LT, NTARGS) XILLED(LENGTHe+1) a ,TRUE, 4
] ¥RLTE (GUF, 2107) %nEST, (GPROB(TINC), TINC = 1, ILRES)
‘;J 21900 FORYAT (X, I3, %, <ILRES>(X, FS.3))
IF (YNEST .47, 0) THEN
D0 2200 TINC = 1, TLRES
EXPNDES(TING) = SXPNDES(TINC)+GPROB(TINC)*NDEST
2200 CANTINIE
e IF
4 23170 CHiTlVueE
N “ALTE (NUT, 2400)
“_ 2450 FIx AT (//X, * <4APECTED ~UY%RIR DF TARGETS DESTROYED AFTER’, {
1 ¢’ TIME ELAPSED:?)
WEITE (DUT, RAGY (TSTAOF4=LOAT(TINC=1)*0ELTAT, TINC = 1, ILPES)
;. AR ITE (DUT, 2537) (=xPNTES(LTC), TINC = 1, ILKES)
2500 FIR“AT (dX, <ILN=3>(Y, ¥5,2))
) 2600 CanTl s
b
o all oroc3cilities foun4d == return,
2700 KETUR

€D
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s Re0MT

pRDISE

INCLUDE
crvuny
SSERL
CLERRY
(SERLE
SEELE!

1:% FETPTH

- Neterrine t4he croranilitv tnat firer ~¥ fires at air voint
Al and nivs tarset f, The ovrocanility of nit 1s returned in
PTH, T-e royt{=~e {s basei on a "“onte-Carlo sampling techniaye
#nlch fires a niw~er of snots at a tarzast, counting the nunme
ver o9& H{ts #"icn occured, Tne nunher of hits is divided by
tne nurrer nf trias 3nd a orozasility of nit {s obtained,
A{rvina errnr 1s -tefinei in terxs of 3 radius(contained in
array +C<%) witnin ~nicr 1/2 of all shots are expected to
land, Tr=s radiass ia xalen 172 2f the shots land defines a
Galeijnh 4Ai{strinition sitn mean ecual to the radius, r, 1In
arded to uenerate random snots froam tne Raleisn distrivution,
rre T0'al $irst 4raxs randon nurpers fro® a uniform distri=
aition, than csnyerrs these to mormal randnm variables., The
nnr -3} rangnam varla-les 3are tnen nsed as scsolute X and Y
nftsats fro~ tne intended aim ooint for a4 oarticular shot,
Tare =iss 41istarce fror rfne al- coint 1s exdoressed as:

GIST=SURT(X*LeYHY)

I ecr~er rteo 7enarate norral random variavles for the X and Y
nétsets, tma ncr~2] Jdistrirution from walch these variables,
are dra:n -ust ~ravide r4ndor varianles ¥ and Y which

s3arisfy r-e ass =nptinn that 1/2 tne tine tne distance, qgiven
Ay SORT( *a+Y¥%*;), Is ¢ or = r, Tre c2an €or each X and Y ren=-
45+ varia~i1e {s zern, since it is just as lixly to ope off
riq= as it {s lov. It can ne sn0+n ~athematically that the
varianles X ard Y drasn trom a “(9,r¥,3493) (a normal “ist-
trianutian vitn means?, varianre=zr%,-373) wil]l satisfy SCRT(
L*X+Y%Y) € 5r = r 5°% 2f tne tire, where r {g the distanrce
fro~ tne aj~ conafnt in «nich SJ)% ot all snots fired are excec-
ted tn langs,

Tre ~0cCal Dresently 3cgerts tarsats anly rectanaular {n
s~are, ny.ever, by ¢sino tne “onteeCarlo sawpling technique,
ary tarnar share Tav he usad, orovidead the code s sritten to
Aeter~irs srnetnsr tne snots flred li{e vithin the target area
or 21tslia the tarayet area,

T~is regtine also evaludtes situatisns wnere random aim areas
are used instead nof fived aim odints, 'Vnen random aim areas
are uysed, snots are €fire+4 at ain cotints selected uniforrly
from a4 rectanqlar reaion snose conrdinates are defined by
the analysist, &£ach time a new shot is to be fired, a new alnm
nnipt far the shot 1s selected at random from within the
ares,

Tne navcer of shots fired {n 7etermining the orobablility of
nit ray ne wodified bv cnanaing tre value of MSHOTS {n the
include fila v, IrNC,

‘H,INC”
/U1/ wCEZC( s T71CTS)
IUA/ NIATAY( . TARGS)
LT/ ITAROES([326G3, 5)
/5%/ TARCHAR(WTARGS, 6)
/L9/7 NuTYPE (! TARGS)
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i C0 i /L1337 UMAT “P(MAL#PTS)

3 CI44G0 /LL4/ TATSOVS(IRL 0TS, §) t
1 CI*Gi /L15/ AICHan( ‘AT*PTS, 4) ‘

L CoMe /1,217 ISFEN, TSESO?
f Cot+34 /L2997 F
Crwvnt /1,307 Aw
ST SU37 iT
Cevot /4327 BTY

£ Cev0 /0L39/ TDXFTR
: Co2 )" /L4417 INXATM
iy CIavGT /L45/7 IDXTAR
& C V2N /U487 wSXRAAD(iNT{PES)
o CHAACTER 22 JTAx S, IATI'DES

i1l 1s used to accumulate tne nuvnoer of nits on taraet NT as the shots }
are fired,

€2¢3¢3¢()

'.5 330 “AIT = 0

Yre seaj values are save? on fnobut and restored on conwpletion so that
roitfing ted NylLers NE snots fired «1l]l not effact the sequence of
FARI10Y NI10ers Neverarted in other secrtions nf tre code,

L3
QIS
[(RERNSERNP)

used to accu-uylate thre total nuider of snrots fired,

€32t
n
L
- )
-
-
12

v- 1s set to a xev ldent{fving the firer’s .eaoon tyoe,

Y
(BRSNS

Ve = e lYPECINXFER)

%) s the -earon kill r3dfus, Tnis Is a lethal radius in ~hich the
etfects of the weapon fired ~{11 destroy the taraet,

[BRS RS NS

e NG S AAXKRFED(M)

g
1
'
|

Yy |

C:? 1s tne raiius, converta4 to aooly to a circular normal distriby-
tian, s1tnin snica one-half® of all shots fired are expected to lard,

(24302 ¢

e ok 5 P St e

C v = CeI(a)&),mwdu]

Xi,fC = X cocrninate of loser left Flrer Corner, X coordinate of lower
left corner agefining fixed position ot firer. This value 1is
usei Aas tha X conriinate of the lower left corner of a random
4rea In «hich thae firer may te located, {f a random area for the
firer’s ocsition is scecified(specified by FRAHGT0,).

€()ED2CA¢3CNCYC

ALFC = TARCHAR(IDXFIR, 3) ;

YLFC = Y coorainate of Lower lett Flrer Corner. Y coordinate of lower ;
left crrrer defininy fixed cosition of firer. This value is Vi
used as the Y cCoordjnate cf the lover left corner of a ranrdon i

[(RESEPRS]
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{90

v m s g R AR S,

area {° «nicn the firer nay be located, if a random area for the
firer’s nosit{on 1s specifled(specitied by FRAHGT>),),

YLIT = 232C~+A2(1DYFIR, 9)

FPANGT =« Firer Ranzdicn Area ‘Helant., A randon area (s a rectangular ares
in wnicn the firer may be located, The position ot the firer
is assurad eqyally likely sny where vithin the random area,

FRAHGT = TARCHAR(IDXFIR, S)

FRALULIN = Firer Randem Area ~{dth, width of a rectangular area in which
tirer is iacated,

FRAZID = TARCHAR(IDXFIR, 6)

Deterninae vhether a rando~ or fixed firer area was soecified, The
arancn is tawen {f A randar area is desired,

L (FRNIGT *Z, 0,0) 7D TO S00
Sat the firer +idte and nheiint for a fixed firer oosition,

FINT{ = TASICHAR(TOAFIK, 2)
F-21sHT 2 TARTHAR(4uar IR, 1)

Cnmoyte tne certer of tne firer’s area ~ith resnect to widtnh(FwD2 =
¥ir~r «13ith Divided 2y 2),

eav? o= TAIOTH/2,G

Cor.-ute ftne Center of tne firer’s 3rea ~ith rescect to helqgnt(FwD2 =
Firar -Zoiant vivize? ov 23},

€02 2 FHnl5aT/240

XIT] - £ coerdirate of Firer Center, Absolute position €rom origin of
ot firer’s center {n X Airection »ithin firer’s reference
“lane, If a3 randor firer area s specified, the center of thre
f{rer {s sssumed to be tnhe cenrer of tne random aim area,

XELTR = {Lelern?

YPCTR « ¥V cnnrdirate of Firer CenTeR, Aosolute position from ortain of
tirer’s center in Y 4direction witnin firer’s reference vlane,
T~s colnt (YFCTR,YFCTR) {s assumed to be the point at which all
s~ots are fired fron {in the firer’s refersince olane,

(FCTR = YLIC+FHDZ
67 3 829

Jyse randam flrer area «idth to deternine exnected point from ehich

snots are fired from, Snots are expected to ne fired from the center
n¢ the ranAansr area,
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500

600

TAINTH

Use ran
shots a

FHEIGNT
&3 TO 4

RALVHAT

RAIMHGT
RaT"aLD
xal a1D

$20LC -

XALC =

YALC =

YanLg =

THEIGAT

Tac1G T

Ty

T+l

dntaln
Y] -

t-02 =

Gotain
Tarqet

T.D2 s

TvAHGE

s FRA#ID

4om firer area height to determine =xpected point from wnich
re tirad fronm,

= FRAHGT
99

= Pandom AIY ooint area HeiGhT, The random aim poi{nt area is a
rectanaular area in which the firer is exsected to ainm,
Before each shot s fire3 an ai™ voint {s selected from this
area at randon assuming all ooints within tnis area are ase-
sumed ez2uilly likely,
= AIvCUAR(NLNM, 3)
= Panijom AIY point area AIDtn,
= AINCHAR(wAY, )
X conrdinate of random Ai{m point area Lowser left Corner, If a
fixed afn soint {s uysed, this §s the Y coordinate of the fixed
al~ soint in tne taryet reference olane.
AI“CHAR(MAY, 1)
I conriinate of random Al{m cofint area Lower left Corner, If a
fixed al» voint (s used, this is tne Y coordinate of the fixed
ajr 20int {n tne tarcet reference olane,
AT<CHAR(vAY, 2)

= Seluht of rectanqular target area,

= TARCHARI 1, 1)
e +17tn Cf rectancular tarcet area,

= rasQeh<( T, 2)

tie certer of rectanzular tarcet ares «itn resosect to heifagnt(
Tar~et dajnnhr Divided ny 2).

CIFIGRT/249

rthe center of rectanaular taraet area in terms of width(TwD2 =
~14th Divised oy 2V,

LaidTH/2,.,0
- farcet ~and1om Area hefGnl, The raadon target area is a rece
tananlar ares {n wnich tne tariet {tself is positioned, The

position of the tarast w»itnhin tne ranjom area is selected as-
sumina eacn rosfivle position is ejually likely,
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TIarGl = TARCHAR(:T, S)

XLTC = X coordinate of the fo<er left Taraet Corner, normally, XLTC is
{s tne X conrdinate nf 1oser left corner defining a fixed target
nosition, If a random tarcet area is soecifled, tnis {s the X
coorairate or tne lover left corner of tneée random tarqet area,

CACICECEICACH

TARCHAR( [, })

Y coordinare of tne fover iett Target Corner, Normally, YLTC is
the Y cooriinate ot loser corner defining a fixed tarqet posi-
tion. 1f a random taraet area is specitied, tnis Is the Y coore
cinate of the lover left corner of the raniom target area,

€(202€2¢2Ca¢2

TARCAAR(HT, 1)

A coordinate for the CenTe’R of the Pandom Tardget Area,
TARCHAR(YT,R) is the wiith of the random target area,

(34203 ¢

TARCHAR( T, 5)=T«TDTH

YCTRRTA Y ceordinate for the CenTeR of tne Randosm Taroet Area, Tre
palnt (ACTRHIA,7CVRRTA) {s tne center of the random tarqet
araas relative to tne orfain in tnhe tariet reference plane,

[(EEPEFESRS]

fCTORSMA = TRANGT=THEIGHT

XTCTR = X coordinate of Yartet TenTeR,

-
-
-
-
-
~

L12TR Fa02+4YLTC
YTCTR Y gorrdinate n¢ laraer {enfex, The oofint (XTCT®,YTCIR) is the
centar of t~he tariet area relative to the oriain {n the target
referance olane,

(REEEEREER]

(TCTR TAZ2+Y1.7TC

Coaryte tre distance from tre firer(noint #nere the snot 1s fired) and
the tarjet center (¢ tne firer is orojected Iintd> tne tarjet reference
olanre,

34203020

AED18T = S,¥T((O 0 R fCIR)I#& 2+ ((FCTR=YTCTR) ¥%2)

Comoute the ansolute distance petieen the firer(ooint wnere shot is
tiread) an3 taraet center ny incluninjg tne senaration 3iistance between
reference planes,

BESXIERER]

DIST = SI21 XYOTS 16824 vSEPNTISEE2)

Ine 4istince factor, F3CTI9, I1s used to modify tne radius {n wnich 1/2
ot all snots are exoected to {ard(C=P), Ths 4istance factor is comouted
oy takir3 tne ratio ot 3csoiute Jistance to tne reference plane separ-
stinn distarce, since tae CrAP valiue was determined using the plane
ssnaration “istance,

€IE2€20I0DC2 0D
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DEACT R = CIST/=SEPIILS

SISvA 1s wodifiad by the 4istance factor to generate random hit points
«nien are excecte] to fall =ithin a circle vitn {ncreased radius pro-
nortinsnal to the incr2ase {n Aistance beteeen tne firer and target nore
Talized by the 2lana seviratinn Jistance,

€2€2(2¢202 ¢

3 Siu*a = CEO%pFACTI S

S(G3¥AF {s yse< to store tne value of 24SIGMAS$2 for ootimization
reasons, oreventinag tnis calgculation from bSefna reeevaluated several
tites «4nen 1t is larer uses to find the nit point for this shot,

(A PESESED]

SIZIAF = «2,8S154A%SI3MA

LAI'CIR « X AIM Doint C7oRdinate valye relative to the tarqget reference
olare coriain,

(ye)ea¢c)

AAL~ AT~CHAR(~AY, 1)

(@)
-
Al
"

A = Y Al+4 coinrt CJloR4inate value relative tn the target reference
a2lare oridin, Fo* 3 fixed aim ooint, XAIMYCOR and YAIMCOR are
t~e coorifnate valyes of tnae fixed atm oofnt, If & randor
aim area ls desir2a, (AIL4CIR and YAL14CORP w~{ll ne redefined
oetare thay dre 3Se1 hy s2lecting a randon ain ooint from
tre ran0 ain Aarea,

Yal®

[}

€2€2403€3¢C2¢2¢) ¢

[}
ko

YALACIR = ATCHAR( v, 2)

Incresent tne nym~er cf snots flirer to injicate €irina next shot.

(RS XS]

1170 PSHT = NSaaT o+

It e nave exceadaed the raxiwnem nurvrer of shots necessary, the probe-
a~i1itv af ~ir can re AdetarTmine3j anij the oranch (s taken,

(RS NERS]

T# (45T ,5T, 4SHCESY GY TO 1790

TE 3 fiyed afr =n1at {s used, RAI-{3T=V and dbranch {s taken, otherwise ?
mronogte nes gim oniat coordinates from random afnm point area,

.
(BRSNS NE]

17 (RAT 43T .72, n,7) 30 1) 1290

Ontafin new ailn ootnt X cooriinate tror random aim area, Select a voint
ynfgoraly €ros tne vi“tn o5f the ranton ain »o{nt area(RAI4WID) and add
tre ansolite vasitinn of tne lover left corner of the random area,

€(3€342¢0)¢)

CILL RAUDIT (1SESD], 1SEED2, J)
LAL#CIR = US[DTaeLaLC

Qotalin new Y coordinate from random aim point area,

[(RESND]

' CALL RAVDY (ISELDT, I3€202, )
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YAINCIR = U*4SIGhI+cALC

If a fixed tarjet area wvas sonec{ftied(TRAHGT=0Q), tne point (XTCTR,YTICTP)
alrealy {4entifies tne locatinn of the loaser left corner of the fixed
taraet area relative to tne orialn {n tne target reference plane, If a
random target area ~as desired, values for XTCTR and YTCTR are reas-
sianed {n tne follosxing sactinn defore the next shot is fired,

o
€CI02CILICDOD

1290 1F (TRAHGT L EG, 0,C) GO TO 1300

Conpute new X coordinate for lower corner of tavget {n random tarqget
area, The X cooreinate o¢ tne lowser left corner {s selected randomly
fron a line $ag7nent.#n0ose length {s given vy the width of the random
taraet area vinus the »idth of the targdet area, This oplaces the lower
left coordinate relative to the lower left corner of the random target
area, To o»tain the center of the tarqget relative to the lower left
corner of tne rando™ target area, one-half the target width {is added
(T+02). Finally, to place the X coordinate nf the tarqet center rela-
tive to the oriain of tne taryet reference olane, the lower left corner
9f the randar target ar=a(XLTC) 1is added,

PR N

.

g
(OGO O0OO

CALL RANDL (1S<EDY, ISERD2, J)
XTCTR = JSXTTRRTA+I-D24XLIT
CALL RANDU (TSFEFDL, [SFED2, U)

UL

‘H‘_‘!‘

The new Y co0riinate for the targJet center {s ontained in a similar
€asaion tndeoeniantly, [ne paint (XTCIR, YTCTR) now contains the
vosition of tne recently olaced tarJet area relative to the origin
in the tarnet reference nlane,

£202€203¢C2¢)

H YTCTR = J*YCTRRTASTHD2+YLIC
XADTST = SIPT((XFCUR=XTITR)*¥ €2+ (YFCIR=YTCTR)*#2)

Kow tnat the nes tardet onsition has neen Jdeternined, the distance
cet~een tae firer as-d tarjet center {s conpited, the distance factor
{s a»ntainea, and 3i3vA reldefined for the ~ossible change in separ-
atinn aistance fror tne orevious target positisn, This allows a new
sicna factor, SIG+¥A7, to ne used in ootaining the coordinates for the
naxt saot,

3020302 ¢€20D¢C2¢2

1 DIST = SAATIX(NTSTE4+MSEPDIS*RY)
‘ DFACTIR = GUIST/*87R21S
) SLIGA = CEP*nFaAl[R
SIG/AF = «2,8SIGMASSIGHA

At tnis ooint, tne afstrinution for snots fired at the target has

been determined(by calculating the distridbution variance stored in
SIG«y), the aim polnt has neen deternined(stored {n XAIMCOR, YAIMCOR),
and the taruet nas heen positioned(center of taraget {n XTCTR, YTCTR),
we "fire tne shot" oy selecting two uniform rantom variables(Ul and
i12) from tne real {-terval (9,,1.), 1INese values are then converted
to te«o norrnal randon variaoles (X and Y) naving mean=0,, varlances
SIGea*%2 via the transformation:

(€I EICRLRADICRCRLICRC)

X=reans30RT(=2%varfance+LOG(UL))*CIS(2%pL*U2)
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3002

Y=mean+SORT(=2%varfance*tLDG(UL))I#SIN(2%p{*U2)
<shere pi=3,1459

NOTE « fhis tecninaque for qenerating ~ormal varfates from the uniform
distrinution {s <escrined in the pook: "Concepts and Methods {n
Discrete £vent Digitel Simulation”", oy George S, Fisnman, P, 2113,

CALL RANDU (ISEED1, ISEED2, U)

IF (U GT. 0.3999) U = 0,.9999

IF (U LT, 5.,0001) U = 0,0001

$3Y = SIGHAFSALOG({)

CALL PADU (I3EFD1, ISEZD?2, U)

XSAOT = XAIACOR+SLRL(SII¥COS(R,28319%U)

CALL RADU (ISEEDL, ISEED2, V)

It {s necessary «hen avaluatino the ALOG function that the U(0,1)
value does not aooroach zern to closely, 2s the function is undefined
at that onint, It {s also necessary that tne J(9,1) value not
asproach 1, to closelvy as this sould result eventually in the square
root of a numcer very close to Zero.

F (U GT, 2.,9999) U
IF (U JUTe 9,7071) ¢
S+ = SIGUAFSALNG(U)
CaLhL RA DU (ISEEDY, ISERD2, ©)

ISrOT = YALYCORSSIRT(SQI*SIN(H,28319%U)

n.9939
N,0001

Tre ooint (XSHOT, YSHNT) 1s tnhe voint at «nhicn tne snot hits {n the
taranet raference clane velative to9 the tarcet oriqin, 1If the X coor=
dinate of trhe snot falls to the left ot tve left side ot the target,
or to the right sias »t tne target, thre shot tisses and the branch |s
taken to oravent registerini a direct nhit,

IF (X3HOT LT, XTCTR=TAD2 ,0R, XSHAT ,GI, XTCTR+T«D2) GO TO 1609

[f tha Y Coordinate s nelows tnhe dottom of the target, or above the
too nf tne taraet, the snnt misses, and tne branch (s taken to avolid
reqjistering a Afirect nit,

IF (¥S2537 ,iT, YTCIE=14D2 IR, YSAOT ,GT, YTCTR+[H4D2) GO TO 1600

TAe snot has nit tre tarjet area, The nurber of target hits 1s incre=
rented,

NHIT = 41T+

Branch to fire rext shot,

GO T2 1100

This snot nas missed the target, howvever, dedending on {ts proximity

to the tarqget, may inflict enouih damage to the tarqet to register a
hit, If the target center is w»ithin the tetnal radfus ot the weapon
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1600

1700

1860

rcund, 2 hit Is reczisteres,

IF (+XRAD EQ, 0,.,7) GO TO 1100

Comoute the Distance From HIT CenTeR(DFHTCTR),
DEHTCTR = SHORT((XSHAT=XTCTRI*$2+(YSHIT=YTCTR)**2)

If the iistance frcm tne nit oofnt {s witnin tne weaoons lethal kill
raiius, the oranch i{s taken to register a hit,

IF (DFHTQTR ,LE, 4KRAD) GO TO 1500

The shot nas landed outside the naximum lethal weaoon radius, branch
to fire asext shot,

GO T0 1199

Coroute the probasility ¢f 31t oy dividing the number of hits by the
nurcer of shots fired,

BT = FLIAT(WHIT)/FLOAT(4SKHITS)

Dutout the firer nunoer {dentitler, aim point numner/identifier, tar=-
38t niuanerp/identifier and pronanlility of hit, Should unexolained
results ve found -n2n exarining the simnulation outout, it {s often
useful to viex tne orobarciliti{ies of nhit to locate vossible errors in
{ronut data, Ffor a large siwulation there may be a considerable number
ot orooahilities rrinted, 3nould this statement qenerate too much
outrsut, the user ~av choose to maxe tnls statement a corment{by
placing a8 *°C* in colunn 1) ~ithout affecting the simulation results,

“RITE (3, 1309) NF, (TYARDESCIDXFIR, IV, I = 1, S), NUMATIMP(NaAM),

1 CLATDES(MAv, IV, T = 1, S), YUATAR(NT), (LTARDFS(~NT, I), I =
2 1, 5), PTH

FOR“AT (3(3Y, I3, 1x, 5a%z), SX, F10,7)

BFTURN

[SRaY]
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= [he *3in ournose of the GINPUT suoroutine {s to gqet all
necessary inout n=eied to oserform the SAS simulation,
This fncludes all inouvt in tne {nout data fille, the aim
ooint data file and tne taraet data file., An attempt 1s
mage to read each of these files, If all information has
not beer storead {n tnese files oreviously, it will be
ootained Interactively, [nis routine also allows inter~
active i0ii¢icatinsn of Jata comtained within these files,
Tnis permits the user to set up the data to perform analysis
of 3 haseline situation, then modify certain elements of the
4ata to 32fine an improvent option, for example, easily due
to the tnteractive nethod of data entry and retrival.,

The SIt«UT routine is also used to initialize the aim point,
taraet and rronapiiity 2f it J3ta vase tiles and to make
s'ire correct oron3oilities of nit nave neen obtained for all
tarsets 1» theilr {nltial positions,

faglInic?
L4/ PTEXIST(¥FARGS)
LS/ RYESTTN(¥TARGS)
/A4 NURTRR(ITERGR)
LT/ LyARDES(4TARGLGS, §)
JLUR/Z TARACHLS(“TAVGRS, f)
/0L9/7 eTYPe (- TARSS)
/L1097 KROITTDSLTAGTS)
L1117 B RRY (P TANGS, +alwPe¥)
/U127 (TCLEATL-pa=As, “1770AT7)
/L13/ CUMAL-P(-ALPRPIS)
/L14/ TAINODES(*paIvOTS, S)
/0157 ATCHa~("RT+2TS, 4)
/1,187 NTHITGA(AL~OTN, 41 TGA)
/0187 PTARET( TALSS, ™iTwdPRYy, «THITZA)
/LY WBTe TFR ()
7L20/7 A=< ILR(S)
SL717 (Repiiie (R}
/0,227 JEEECK
/1,737 THaX
L2484/ SAL1aAT
1.8/ TIXS
/5,267 17145
/L2717 TSEER2L, T3ZF02
/1,287 <ROG-IT(¥TARGS)
11,291 ®
/L3IN/ AN
/L3177 T
/L3327 PTH
/L3337 VANETDS(S)
/U347 ACEALN(Y)
/L3867 ISTAVUIS(-STATC, 2)
/L37/ STATUS(MR1a1C, 2)
/L3B/ CISTATCS
/70367 INDYFIR
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COoMeGt /L4A0/ “THA ]
0 Cl%4yy /L3317 TOXALN

Ch¥v0y /(,44/ TSTART

X CimwGl /U437 I0X1ER

ﬁf CIAvIN /L4S/ ITGRIUGP(HTAKRGS, "GRUUPS)

3 Craviyi /L4337 ITITLE(MIITLES, ATTTLEL)

Co4vpy /LSON/ NTILLES

3 CHARACTER #1 [CHAR, [DERUG, ISCHAR
CHARACTER $2 JA4EUPE, “AMEINF, JA“E0AF, NAMETDF, NAMEADF, IAIMDFS,
{ 1 ITARDES

CHARACTER #10 “D8¢, “TDF, AADF, NOPF, NIOF

T™he names of varlous inout ani outpnt files used bty the SAS model are
desrrioed as followss, Fach tile nawe nay be at most 10 characters ¢n
lenata,

AD8F - tame for probvadility of nit data base file,
NTOF = uan2 of tarnet Zata nase file,

HADF - -ate of ain coint data oase file,

VIPF = uAa~e nf outout file,

MINDE = ave of laout iata €ila,

fre contents of each ot t-e data filles {s sumnarized as folloss:

MRS - econtains tn~e nreoanility of nit tor 3 given firer, aim point
aai taraet, An entrv of =1, for a particular firer, aim point
and taraet {ndi1catas tnat this prooanility has not vet peen
derermninad, Tris file ts tilled witn =-1°s when the file 1is
infttalizens,

YIE = [he tarjet data flle contatins 10 {tems anout each target in the
sirulatisn, Ynase {tens are listed, 3s tney are stored in the
4ata btase, As follows:

1) Target n:uamrer w#nicn nunisielv {dentifies each target,
2) 10 ¢l.arastar tarcet Asscriotion,
3) taraet size, expressed as hejignt and widtn,
1) €137 indicating wnether tarvaet (s fixed or random(’F”’
iriicates fived, *3’ indicates random) ;
a) It tixed, tae tile contains the fixed nosition of 3
tne lnvar left cornar o€ tne tarnet relative to the
oriqain {n tre tarzet’s reference olane and {s aiven
{in tar=s of X and Y cooriinates.
¢) 1§ ranior, the file contains tne height and width
of 8 random area in ~hich tne tarqget is positioned
373 tnhe fixed pasition 0f tna lower left corner of
tre randon area relative to tne target’s reference
reference clane 3iven hy an X and Y coordinate,
3) f1ag indicatiniy waether or not the tariet can fire a weapon
(’Y” indicates yes, 717 {ndicates no),
6) Yey {in-<icati~a the we3vo0n tvne, {£f the firer has no weapon
tyce{ie = can not fire) 3 zero s entered,
7) nuaber o€ rainds of arsnynition avatlanle to the firer,
8) the firer’s regponse time(this 1is tne time pefore the firer
tires nis first shat),

€243 €D CDCDOICICDCACDCRILDIADADAIADCRCEDCICDC2CRCRCIACICICACICICICDAICIACDLICILDICILIEDCDLDCICY
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v C 3) Ai~ notnrs anich tre firer may f{ire at listed by priority,
< and
( o 17} & list cf tarnets which may be collaterally Aamaged,
L | < PLF - The atls noint ~a%ta file contajns 4 itens which define kev aim
- { < vaint {nfor..2atton re:uired for the simulation., These {tems are
;'3 o 1istex as £a110+s3 :
.J < 1) Aim ooint ~u-rer «7ich {dentifies each aim point uniquely,
;- < 2) 10 character aim 2521int aescriatien(narmally this descrintion
' o correscorAdg to tne orimary taraet associated with this aim
> o soint),
. < 3) A £133 jndicatiprs ~hetner tne ain oolnt 1s fixed or random
. c (°7° trndlcatas fixe?, R’ innlrares random) where,
R o a) 1€ flvad, trae fixed zoasicion of the afim point (s
s < "{ven relative ro tne orfiin in the taraet retference
- o nlana(not *re firer referance olane) by an X and a
g 4 < i cosrtinate, !
= < b) {f rande~, the »osition and size of a rectanqular !
< ran3d49n 3i™ area (s niven by socecifing the lower
. < left corner of tne area py an £ and a Y coordinate,
. o 21" tna neinnt and vidtp o€ the rand»am area, and
: oy 2) a 1list of tarcets -nicn tay oce it bv firing at each aim
‘ o caint.
< TP = Tals file ¢antalns sur-arized rasyits obtained from the simylae-
. o tisn, Pasnv]ts are classiffied {nto tnree main arouos:
< 1) frama-~tiity of nict,
o ?2) orenanfltiv t~at a sartinular taraet exists vjith time, and
z 3) excected numcar ot tarvers left ani conditional probability
, 2 that a snenific nu~ter nf tarnets remain with tive, :
' s 19F = Thme {andt ara fils caintalas {nfor~ation vhich ldentifies the i
' z 19catinn of af- ssiat, tariez, 3n4 £-3%3%111ty of hit data ore= i g
ot viosuslv antereq, aives tna 3Juration o2¢ tne simulation, specifies i
< cov cfren simulation resnlts sndould oe ori-ted, and defines ;
. z aem all taraet Status €ran:ns 0CCIr. ]
o §
!
3

(-C-F, " A #20(1))
; C.ThF, A F1))
Any, A [@BR]
(rOop&, nA - (1)
! (" LoF, “Ac (1))
<
oy I~{tialize €1as Lsed {n reardi{n? {nout, ;
! - i
| 1 = =1 i
z i
# < FL.AG 18 use” rto initialize tne values used in the probability of hit i
z 13ta nass, N
! ¢ i

7 =2 0,0

[y

15TarcfF = 0
JTIAYNS =
aTEreS = )
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1{AYE 1§ used to {nificate the logical unit number of the primary inpout
device, NTARPE 1s {nttially set to 5, (ndicating tnat inout {s to ve
obtained interacti{velv trom tne terminal, NTAPZ {s later cnanged to 1
{f tne {nruyt 4data nas been creviously stored {(n a disk file,

NTADE 3§

Ser the reccrd size(in oytes) of sach record contained in the tarcet
43ta »ase. The tasic record lenqgeh 1s 59 olus the length required for
aim points an4 coll~teraliy effected tarcets, Each aim point and
cnllateral target n:uvwper renuires 3 characters,

NTRECSZ = 058+3&8vAINPRY+ ¥ TCCOLAT

3et the racor+ size(in onytes) for racords cnntained in the aim point
data file, 3 characters are alloted for each tarizet number which may
o® nhirt by firinc at 3 givan atin» point,

TARECSZ = «1+3¢17-116G]

WTYA 3 YPARGSSVALvVPIS

TYPE &, ¢ &5 JF [OUT LATa CUL,E2°

Redd (5, 200, ERR = (00, ®o0 = 1927) (~A4KI0F(I), T 21, S)
FORCRT (S12)

Nlra (LT = 1, JB¥E = 4I0F, TYPS = “UAXNNWNY, FRR 14799)

It the 1ser ~isres to rodify 1iata ir either the aim ooint or tarqet
darta nase files prior to sirularion evecytion, an *4° 1s entered in
in response tn tne rext auestinn, f£ all {noyt nas beenr entered
preyinously an+g tne uyser (s ready to run, a8 "R’ (s entered,

TYFE %, 7 “CDIFY TARCETS DR FUN? 4Y4a™OOIFY, QeRUN’

SEAN (5, 4300, ¥R = 302, F'0 = 3)3) IDIRUG

I (I0EADS LJF, 4% A0, I{7355 ,~re "R?) 50 1D 309

an attarnt s vade tc read the first record from the {nout Jata file
Tf the reaag i{s successful, trne $1aa ITAPE {s set to 1, srecifing that
{iroat snnuld core frer this tile pot from the terminal,

TSTART {s tre tire at +hich resnlts trom the sinulation are first
oriated, tre siylation jtself {n al+avs assyred to beqain at TIE=O,
TYAC 1§ tae a3xitum tire fuyr tne s{ulation to last,

READ (i, %, ERR = 14200, €40 = 3)0) TSTART, TvAX
LTAPE =

NELTAT 1s the tine cetwxeen result outout disolays,
RYAD (1, &, EFR = 14279¢, £MND = 1340C) DELTAT
NTITLES 18 tne rurrer of titles used to cescine tnis simulation,

READ (1, ®, ERKR 3 142060u, HKD = 14400) ITITLES
VO S00 T = 1, NTITLFS
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ITITLFS 1s a cnaracter array contajning text which describes
tne current si-ulation to the user,

READ (1, 300, ERR = 143200, EnND = 14400) (ITITLECI, J), J =1,
1 MTITLEL)

FIRAAT (Y TITLEL>AZ)
CUONTINUE
kead other tile navtes from tne {noyt file and open these files,
PEAD (1, 200, BRR = 14200, FMND = 14400) (NAMEOPF(I), I =1, 5)
3PEY (UIIT = 3, “AvE = NOPF, YYPE = “Ew®, FRP = 14900, RECURDSIZE =
1 133) :
RZAD (1, 200, EPR = 14200, ©nD = 14400) (UAMEDRF(I), I =1, S) !
NOEN (UIT = 2, MAWE s MDAF, TYPE = ‘UNKNOWNY, ERR = 14600, ACCESS = :
1 SOIRECT®, RICORUSIZE = 1) |

i

kKead the total nurser of targets, alm ocints and target status chanoces
into JFAaRS, JAIAS and JISTATCS rescectivelv, .
PEAD (1, 6N0, FRR] = 112170, “ND = 144u0) JTARS, JAIVYS, JSTATICS, .
1 (VACETDFR(I), T = 1, %), (MAMEADE(I), I = 1, S) ;
FOR4AT (313, 1nag, 1vaz) i

ACCESS = ]

OPEN (L2IT 3 ¢, 188 3 Wi0OF, 1YPE = “UNKFL09N’, ERR = 14700,

1 POLRECT?, RTCHRISIZE = ~TReCSZ, FORY = *FORMATTIFD’, RECORDTYPE
2 = ‘PIXEDTY

OPLy (UMIT = T, %AWE = NANF, TYPE = ‘U4%iQ«4n’, ERR = 14800, ACCESS =

1 PNIRECTT, RECINIS1IZE = “ARF(C37Z, FORY = "FORMATTED®, RECORCTYPE
2 = ‘FILEDR?)

G) TH 2100

FIR“AT (I3, Sa2, »F7,.3, 12, Y4, F71.2, <VALMPRY>I3, CMTCOLATMII)

FUR4AT (I3, 532, 1F7,.,3, <“THIIGA>DT)

an enpty input tile ~as found, If an end-
of=tile 1a4icatar(CTRY, 2) {s ~ivern §n resnonse to the next question,
tre f{ritfalization of aim oofnt, tarqet and probanility Aata hases ray
re narfor-ed, txacsinatien or meaffication ot svecfic values in the
oronaniliry sata rase can alsos -e accomolisned,

rRece{ve {nzut {nteractively,

FOR S1MULATICON OUTPUT?”
TYAX

START JI1+:%, FEND TIRE
R=ad (5, %, ERIF = 900, FND = 10C0) TSTART,
IF (TSTARL GF, N 0) 4G T2 2290

CLusSKk (UNIT = 1)

G2 TN 109
TYPF %, *
VP %, *
TYPE %, °
TYPE %, *
Tyee ¥, °
READ (S5, =,
a7 TO (110¢C,
GJ 10 1600
TYPE &, * NAVME (OF KEW PROHARILITY DATA BASE FILE??

/RFEAND (5, 207, FeE = 1300, F« = 1100) (VA4EDBF(I), I =1, 9)

OPEY (UNIT = 2, hAWE = nDRE, TYPE s ‘CGHENOWN?, ERR = 14600, ACCESS =

TYPE *, *

PRORABILITY NATA BASFE’
TAP4SYT DATA =uSE’

AIX PGINT DATA EBASE”
DATA RASE VvaLle’
DACE RB3F VALUE®
END = 900) (

179¢, 2000)1

1«14TTYALIZE
2«7 I11ALTZ%
I-IITIALIZE
A~ XAMINE PRCH,
S« DTEY PENY,
ERR = 1000,
130G, 1%06,
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1 *DIKECT®, RECORDSIZE = 1)
NRECHAN = vTUAR(ATASGS=1)+4TARGSS(MAL4PTS=1)+%TARGS
V7 1230 T = 1, HRECHAX
4 WRITE (2°1) FL .t
3 1200 CONTINUE
CLISE (UNIT = 2)
G TO 1090
1300 T(PY ®, * NAME GF MW TARGET DATA WASE FILE?’
RTAD (5, 200, ERP = 130, E%D = 1300) (-R4ETOF(I), T = 1, S)
2 084 (UNIT = 4, ®BME = STDF, TYPE = “UWKNNwN®, ERR = 14700, ACCESS =
3 1 *DIRECT”, WECOEDSIZE = &TRZCSZ, FOURY = *FORYATTED®, RECORDTYPE
3 2 2 ‘FIXED”)
5J 07 1490 3 = 1, N1APGS
sLTE (4°J, 700) 41, (Hav¥zsTOF(Y), 1 =1, S§), (2, I =1, 6), NZ,
k. | 1 NZ, Z, (%2, 1 = 1, “AIMPRY), (NZ, I = 1, ¥TCOLAT)
N 1400 CHITIMIE
k. | CLUSE (UNIT = 4)
= GQ TH 1700
1 1500 Ti{e=s &, ° XAx% OF &Fw KIMV PNIWT DAfA 3ASE FILE??
| T4y (5, 230, E€R& = 1500, #40 = 1506u) (-A4EADF(I), [ = 1, S)
| JPET (UNIT = 7, MAME = LaUF, T{FE = *UMNFCWNN®, ERR = 14800, ACCESS =
k' | 1 *)IRECT”, FECOEDSIZE = VARECSZ, SCRY = °FORMATTED’, RECOPOTYPE
i

2 =z *FIXTCY)
Ny o1ead g
h

= 1, “A[%PTS
wAITA (7°

8a6G) 1, (uAMEAPF (L), 1 =1, S5), (2, 1 =1, 4), (M2, 1

J

’
1 = 1, YInITGA)
E 1600 cHrTrIUS
: 4 CLISE (JITIT = 7)
p GO T 1290

a8 1700 TYPE %, * YAwT OF Ex7RASILIYY NATA RASE FILE?®
E . RFAD (5, 227, ERR =,1100, €~D = 1109) (LAVEDRF(I), I
IPET (UIIT = 2, MMVE = N[AF, TYPE = “UNX.0AaN’, ERR =
1 *HIRECT, RECOFOSIZE = 1)
1990 TYPS #, * FuTFR: “FIR<k, ~ALMNPT, WTARGAT,”
RFEAN (S, ¥, 23 = 1307, END = 1800) I, J, K
NRAEC = TTAAS([=1)+*TARGSH(J=1)4K
READ (2°4%92e%) PcH4
arLTE (5, 1309) a3
1900 FURAL (% P03,2 °, F10.7)
CLISE (J4Ir = 2)
[ 53 TH 1))
' 2096 I/8< ®, * :4¥Z NF PROILIILITY DATA DASE FILE?’
#uan (5, 209, 3% = 1199, £un = 110C) (JAEDBF(N), I =1, S)
QPIN (UNIT = 2, YAYE = VDHF, TIPE = “UNANOWN’, ERR = 14600, ACCFSS =
1 *HIAECT*, RECORDSIZFE = 1)
2100 TYPE &, ° EUTZR: NFIRTP, NATMPT, NUTARGET, PRO3,”
R&AD (S, %, ER’RR = 2199, E°D = 2100) I, J, K, PROB
R AMYEC = AT AS(I=1)¢WTAQGSH(J=1)4+¥
| SYITE (2°1PZC) PRIbL
g CLOSE (J4(T = 2)
GO TO 1039
2260 TYPE %, * TIMF INTEIVAL AT wHICH RESULTS ARE DISPLAYED?®
READ (5, %, EX = 2?91, E%D = 2200) DELTAT
T = (TMAXTSTARY)/LSLTAL
I (I ofGT. T4INTS) 50 1N 220¢

=1, 5)
14600, ACCESS =
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LY

2300

2400

2500
2600
2700

2800

2900

390

3100

3200

33006

3100
3500
3500

3700

3800

TYPE #, ° NJM3ER IF HAROWARE IPTION T
READ (S5, #, E€RR = 2300, END = 2300) N
I (aTiCLES 5T, MTIFLES) GO TCQ 2300
DO 2600 [ = 1, NTITLES

TYPE %, °* TITWE *, I, *?°

READ (S, 2510, ERR = 2400, FMD =
1 MLITLEL)

FORMAT (<*TITLEL>A2)
CIONTINUE
TYPE ¥, ° NAAE JF FILE TO CONTAIN RES
READ (5, 200, ERR = 2709, ENQ = 2700)
gPEN (UVIT = 3, MAME = \NOPF, TYPE = '
1 = 133)
TYPE *, ’ NAME OF PROMABILITY DATA BA
READ (5, 2929, SRR = 2809, EYC = 2800)
OPEN (UVIT = 2, NA¥E = NOBF, TYPE =
1 *DIRECT®, RZCORISIZE = 1)
REAINY 1
TYPF ¢, “ TARGET DATA FILE MA¥E?”
RZAD (5, 290, E£3R = 3009, E%0 = 3C00)
OPZN (JUNIT = 4, NAME = VIDF, TYPF = °

B S A b Bt AL Voatarn e s e R D S D S il e AN DS TS > >

b e e g -y

1TLES?”
TITLES

240¢) (ITITLECI, J), J = A,

uLTs?”
(<A=EGPF(I), T =1, 5)
UNK-.2wN’, ERR =2 14900, RECORDSIZE

SE FILE?’
(124EDBE(I), I = 1, )
UNKXOWN®, ERR = 14600, ACCESS =

(SAYETOF((), T =1, S5)
UMK .DAN®, ERR = 14700, ACCESS =

1 ‘DIRECT”, RECOROSIZE = NTRECSZ, FORY = ‘FORVWATTED’, RECORDTYPE
2 = FIKED’)
NTARS = )

IF (NTAPE ,FQ. 1) G2 TIC 3200
TYPE ®, * ENTSR TARGET INFGR™AL1ION,’
NTARS = NTARS+!

JFIREF = 0
JTARGF = 0

1F (NTAPE LEQ, S) GO TG 3600

IF (ISTATCF ,EQ. 0) GO TC 3400

IF (JSTATCS LT, NSTATCS) GO TO 11260
READ (1, *, ERR = 1420C, END = 144C0)
1 1), STATUS(ASTATCS, 2), ISIAT
G 0 3590

IF (JTAKS .LT. NTARS) GO TO €400

RZAD (1, %, ERR = 1420C, END = 144G0)
IF (IVEBJG L Ede *4°) TYPE ¥, ° TAFGET
GO [0 37%0

TYPE %, ° TARSET ivaxR2?*

KnAD (5, ¥, E’R = 3302, END = 8400) N
KEAD (47 (UMTAR(NTARS), 7090) 1Sxie, (1
1 (TARCHAR(4TARS, 1), I =1, 6)

2 TVENTTR(NTARS), (VAIMPRY(NTARS, i), I = 1, MAImPRY),

MU-TAR(NTARS), STATUS(NSTATCS,
US(" STATCS, 1)

MUISTAR(MIARS)
MU RERs ?, NUMTAR(NTARS)

JYTAR(~1ARS)
FapL-IS(NTARS, 1Y, I = 1, 9),
s SAIYPE(NTAPS), NROUNDS(NTARS),

3 (4ICOLAT(ATARS, I), I = 1, #4TCOLAT)

1F (ISKIP <9, =1) GO T2 4100
COurllJE
I (nTAPE LEQ, 1 JAuD, IDE3UG ,fu. ‘R

°) ¢ I0 7500

TYPE ¥, © 1-0ESCRIPIION, 2«TARGEI HEIGHT, W~IDTH®

TIPE %, ° 3=RANDUA TARGET AREA LUAER CINaOI%ATE®

TiIPE *, ° 4=RANDU™ TARGAT AIEA MEIGHT, ~12T4°

TYPE #, * S5=TARGET AREA LO#SR COORODINATE’

TYPE ¢, ¢ 6=WZAPJOd TYPE, T-AVVUNITION, 8-RESPONSE TIME® .
TYPE ®%, ° 9=af% POILITS, 10«COLLAFERAL OA-AGE TARGETS® |

READ (5, *, ZRR = 3309, EvD 2 7500) .1
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3300
490¢C
4100
4200
4300

4400

4500

4600

4790

4800

490¢

5000
5100

5200

5300

5410

55090

5600
5700

59n0
5300

G3 T (3370, 43IY0, 18692, S120, S3C0, S993,
33 TO 3#09

ARITE (6, 4903) (LTARPES(NTARS, I), [ =1,
FIRYAT (° TARGET OESCRIPIIIN: 7, SA2)

TYPE ¥, ° TARGET 0ESCRIPTISN?’

D TR

5)

e AL b2 AR R LA, SR Sy, AN s A ) laat b WY el VoS Bl

6200, 6500, 7000, 7300), I

R€AD (S5, 209, ERR = 4109, &MD = 4200) (['ARDES(NTARS, IV, I =1, S)

IF (ISKIP .39, =1) GO [9 4400
GO TO 3390

TYPE ¥, “ TARGET HEIGAl, «~IDT4s °, TARCHar(NTARS, 1),

1 TARCHAR(TARS, 2)
TYPE ¥, ° TARGEL 4ELSAT, ~10TAH?°

KEAD (S5, *, ER = $4490, END = 4500) TARCrHAR(NTARS, 1), TARCHAR(ANTARS,

1 2)
JTARGE = 1
IF (ISKIP ,EG, =1) GJ TJ 4700
GO TO 3320

TYPE ¥, * RANDIM TARGET AREA, LOaERS X CiIR,,

1 TARCHAR(NUARS, 3), TARCHAR(NTARS,
GO TO 490

TYPA ¥, ° RAnOU4 IR FIXKIC TARGET AREA? F-FIXED,

RFAD (5, 4410, FRR = 4700, Ta~n = 4700) I1CHAR

FIRMAT (A1)

Y COCR,: °,

ReRANDGA’

IF (ICHAR 4E, “F7 ,AND. ITHAR vE, 72°%) Gy TD 4710

IF (ICrAR +Z4, °F7) GI 10 5109

CYPy. ¥, 7 RANDOM TARGETL AKZA, LOseER: x C32k,,
Read (S, #, ER = 4709, £xD = 5000) TARCAAR(NTARS, 3), TARCHAR(MTARS,

1 $)
JTRARGE = |
IF (15«€IP .0, =1) 52 3 5200
GJ TO 3320

TYIPE ¥, * RAaYDOY TARSET AREA nETGHT, ~I0TH:

1 TARTHAR(M{ARS, 5)

4

TYPF ¥, 7 RAwA TARSET ARZA NEIGYT, ~T0 (427
READ (5, %, E€RR = S200, Ev) = 5600) [ARTaAR(NTARS, S5), TARCHAR(NTARS,

1 6)
JTARGF = 1
GO TJ 50320

TYPF %, ¢ TARGET ARZA, LO»SR: X COOR,, Y COOR,

1 3), TARCHAR(NTARS, 4)

<

1 1)

JTARGY = 1

Ts«CHAR(CITARS, 5) = 0,0

TARTCHAKR(ITARS, 6) = 0,0

IF (ISKLIP Li1E. =1) 39 10 3300

TYPE %, ° CiN TARSED FI3E? Y=YFS, \=NO'

READ (5, 4840, ERR = 5730, FND = S700) ICHAR
IF (ICHAR o E. %(° JAVD, ICHAR ,vE, ’8’) GO TO 5700

IF (ICHAR .=G, “7°) GI (O 58¢0
NAaTYPE(NTARS) = 0

EYENTTM(ITARS) = 3999,0

GN 0 7400

IF (ISKIP ~N. =1) G2 TO 6000

TYPE %, ® ASAPINV TYIC€: *, vw[YPK(WTARS)
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Y CO0R,?°

TARCHAR(WTARS, 5),

*, TARCHAR(NTARS,

£ 4, ¢ TARGET ARSA, LC#ER: x CUCR,, Y CONR,?’
RZAd (5, ¥, ExR = 5100, E.Q0 = 5500) TARCHAR(NTARS, 3), TAKCHAR(NTARS,
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0000

61490

6200
6300

8410
6500

6500
6700

6890
6900
7000

7100

72490
73090

7400

7529

7700

7890

7900
8000
4100

TYPe %, ¢ AFA204 TYRZ2°

READ (S, $, E<R = 5290, €A9D = 6100) #WTYPE(NTARS) |
JFIFeF = 1 |
IF (HSTYPR(ITAR3) ,LE, H) EVENTTM({NTARS) = 9999,0

IF (MATY2Z(ITARS) ,GT, ~«TYPES) GI TO 6000

IF (ISAIP ecie =1) G3 IS 6300

GG TO 3400

TYPE ¥, ¢ AJwaEw JF RIYIDS AVAILASLE: *, NROUNOS(NTARS)

TIP= %, * WJA3ER QOF SIUNVDS QVAILAELE?’®

READ (S, ®, ERR = 6329, END = 6490) NROUVDS(NTARS)

IF (ISKIP .<Q, =1) GJ 1) 6500

GJ TC 3400

I¥ (ISTATCF .23, 1) GO TO 6700

TYPF &, ¢ L52INSE TIVE: °, EVEMTTM(NTARS)

IF (ISTATCF .23, 9J) GO ro 68CO

EYESTTH(NTARSY = 0,0

GC 10 6909

1YPr #, ¢ RS320NSE TIVE?’

READ (S, €, EIR 3 6030, EnaD = 6900) SVZVITM(NTARS)

IF (1S&I? 520, «1) 39 13 7100

GC TO 3399

TiPs %, 7 al% POINVIS(DORDESED 3Y PRICRITY)S: ¢, (NAIMPRY(NTARS, 1),
1 I =1, AALNPRY)

TYPE ®, 7 A\[M PIIUTS(IRIERED AY PRINRAITY)?’

READ (5, %, E<R = 7107, £4%0 = 7200) (AIPRY(YTARS, 1), I = i,

1 1AL PRy

T# (15KI? .25, <1) 50 T2 7400

GO TD 3R
TYPF %, ¢ TARGATS CA*AGRED 8Y JITTIING THIS TARGET: ‘7,
1 (IT2ILAT(NTARSE, 1), 1 = 1, <TCOLAT)

TieE £, ? TARGETS CACAGEC RY HITTING THIS TARGET?”

ReAd (5, €, R = 7300, EnD = 7220) (NTCULAT(ITARS, I), I = 1,

1 MTCILAT)

I¥ (I3K[9 €, =1) 7“0 T2 33n0

Aa%Tle ($°.J«TAR(NTARS), TN)) ~UTAR(NTAS), (ILTARDES(MTARS, 1), 1

1 =1, 3), (TASCHEAR(~14~S, 1), I =1, 6), «*IYPE(NTARS),
2 NRCUDS(NTARS), EVEMITH(wTARS), (JAIVNPRY(NTAPS, I), 1 =1,
3 4ALwPaY), (STCCLAT(TARS, 1), I = 1, vTCOLAT)

IF (ISTATCF L2232, N) GO TG 7R0Q
I€ (fA9E (20, 1) GO YO 5760
TIPF ¢, ¢ STATUS CrA™GE TIVYF, LLITIAL DUELAY, NLD TARGET MUMBRER?’
R=A0 (S5, ¢, ERR = 7600, EMD = 7600) STATUS(~STAICS, 1),
1 STATYS(VSTATICS, 2), ISTAfuUS(NSTATCS, 1)
ISTACLIS(S3TATCS, 2) = NUYTAR(IFARS)
ASTATCS = N3STATISSHt
IF (ISKIP L,EQ., =1 L,CR, IGE3uG ,E3, "M7) GO TO 3200
“F = IJTAR(NTARS)
IF (JTARGE &6 ©) G2 T0 #2100
vJd 8000 1 = |, vTA9GS
D7 7930 J = 1, VATNPTS
NRIC = MT“AR(T~1)+4TARGS*(J=1) ¢ -F
AIFE (27°.RSC) FLAG
CINTINUE
CINTIVUE
IF (JFIREF ,E7, € ,CR, ILFBG ,FA, *%7) GN TO 3200
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T i

o, o v ,jﬁnmdnummuuﬂ-mug-ﬂﬁuummWMmamm‘nvﬁmWHM-.. B o vl i
& vy a3 =, “817P1S
(Y 295 g = 1, “TReTS
NESC = w1 LE( Fel) s+ TARGS4([=1)+J

" MRITE (20 «-CYy FILAG
‘{ 3220 CANTINGS

§300 C.4TI 'US
3 5 TD 3200

2420 S OCISTATCF F2,. 1) 57 T3 11200

.TArS = tTAFS<)

Cals =2 0

18 (- FPAPT FQ, 5) G TN F5GH

&-an (1, 4300, =S8 = 142097, ED = 14400) ISCHAR
ol SRCLUR

I W,
\

e - -

9500 TYPF ®, * Al¥ POl DATA FJULE ~ase2°
b | 243 (S, 20u, FRR = 4505, EUN = 3599) (¢ACEADF(I), T = 1, S)
= a9 (' fT = 7, YE4E = 4ADF, Ti?d = ‘YLK iGaAM®, TRR = LiR0D, ACCESS =
f} 1 PNILECT®, RFCORNSTIZF = “ARECS?Z, FOR» = °FORMATTED?, RFCORNTYPE
| 2 z “FTXFD’)
H 1YP¥ %, ° € [FR ATe BOINT INFNOVATION,
A509 Al S = A Se)
JarF = 9
. a79¢ 1€ ¢.7822 k2, S5) 57 TO £200
! IE (JAL*S JLT. “CATCS) 6T TG 11000
‘ ovaAn (1, %, SFR = 1420C, ExX0 = 14300) [LARTAP(NAIVS)
'} IF (INEAUT K5, “%°) TYPF &, 7 Al OO,  "0.38& 7, NUVATHP(NAIUS)
. P00 A4
= R3AN Tioe %, ¢ ALY FGL.T *iisAFW?*®
pzas (5, ¥, FRR = 17720, F.0 = 11070) WU'AL“P(NVAIMS?
@300 Eai (1750 sAL“P(AAT’S), £§70) TSXIP, (LAlvDES(vAIws, I), I =1,
1 5), (aI-Cvam(.ATS, i), U = 1, 4), (~TAITSA(NALHS, nn,1=1,
J 2 “THITR)
i 1P (ISKI?® 74, =1) ~C T3 Q306
Ty 3190 COLT e
i IF (WTAPS ,S%e 1 ok D4 ICERIG 473, "R%) 30 TO 95929
p TYPL 8, ° 1=NWSCRIFTIIN®
; PYPL &, f PexANUs ALY FALMT 358 LGUER CICRDINATIE”®
! Lo ¢, ¢ 3-*#‘&0“ AL RO T A<sd #1350, «1ulHC
‘ fVOS K, * e FPTIATES OF FIteD ALt PNTAT?
5 ryee €, ° SeT" :‘~rs «0ICa “AY 2. 1T SY #IRTLG AT THIS :1# PGINT®
cLen €5, 4, En® oz O0na, EnD & 10796) 1
s 1 (9170, 98¢, @edn, 191C0, 174..0), 1
oo 1" Qg ;
| 9120 (o1TE (b, 9200) (IAIwDES(NATNS, 1), 1 = 1, 5)
| Q250 FT2OAT (° N[ POLOT NESTNTPYIL Oz 7, SAQY
[ A3 R IR A N ¢ RIS 2 0 SRS A4
W4 (5, 27u, FE¥ = 3303, U0 = 94U2) (LAICTES(iAIXS, 1D, 1 21, S)
PRI 10 (1541@ %24 =1)Y GO T 984D
Goore wdny
9% L 11PE €, ® RA*TI/ AI- QLT WRZIA LIJ-E£R CUCR, “, AIYCHAR(NAIMS, 1).
1 AI+C»i( 81*S, 2}
5 ro 97
9573 r;o7 &, * &4 .,00% R FIXEL AT4 BOlWi? FeFIXED, R=RANDOY?
%) (5, e, CRe = QAQO’ roN = ?6&0) 1C 14aR
[F (IS4 , £, °C° A T, IT=49 _NF, °27) 50 TO 9670
I- (X"J\’ W7 CF%) GOO1T 1L270
arn) ryos o, St 2T 0] ¢ Pees, LUUEPT X CUUR., Y CODR?C

i
i
. |
1
f




ST i ks i

Xy

9800
9900

10000

1n109

10200

10360
10400

11500

10600
10750

tngne,
12900
11036

t1Loe

0

[
-
~
o

(3€¢2¢2€Y )

READ (S, &, ERR = 700, EdN = 9400) AT4CHAR(~NAIMS, 1), AIMCHAR(NAINS,
i 2)
JAIVF = 1
IF (ISKIP 8%, =1) GO TO 10009
GC TO 990D
TYPE %, © RAINNA AL POLINT ARFA HFIGHT, 4107A: °, AI“CHAR(NAIﬂS,
1 1), AI*CHAR(NALIvS, 4) ’
TYPF %, % KAHDQUY aAl% POLLT AREA HEIGHT, #1DTH?®
READ (S, *, =X = 1u000, EAND = 10300) AI:«CAAR(%AI[%S, 3),
1 ATMCHAR(NATIMS, &)
JALIYF = |
5 TO 10300
TYPF ®, 2 COONDLIATES NF ATYPOINT: %, Y 7, AIYCHAR(NAIMS, 1),
1 &) ~CAaAR(NALIS, 2)
TYPe %, * CHNRIIVALRS OF AL P9[IT K, 127
READ (S5, ¥, ERR = 10200, EHND = 10300) ATACHAR(NAIWS, 1),
1 AT%CHAR(HAL ¢S, 2)
JATVF = )
Te (IRKTIO ,Fu, =1) GO 7U 10509
SO0 TO 029
TYPE #*, 7 TARGETS «~4ICH MAY 8¢ HITP RY FIRING AT THIS Al4 “//
1 TPCEINT: ¢, (NTHITSLH( $AIMS, (), 1 = 1, “THLTGA)
TYPS %, * TARGETDS oAICH »AY wf 4IT 8Y FIITNS AT [HIS AIM POINT?’
QEAD (5, ¥, SRR = 1753, SA0 = tyen0) (ITHITGA(CIAIMS, IV, I =1,
1 P4 T5A)
[ (ISKI® i€, =1) 53 YO 9¢2)
wOiTE (7242 LM2(NATS), HOD) YMfAATHP(MAL¥S), (TATHADES(NAL4S, I},
H I 1, 5), (ATACHAR(HMINS, 1), L =1, 4), (NTAITGA(NAINS, 1),
? 1 1, »THITGA)
IF (IS<I® ,9J. =1 J0OR, JOE3G 1, 4%} ¢ T 85un
aat = !JAATYPLNATS)
tr (JAL"T .23, 2) 6T TU 869D
D7 10393 t = 1, WTARGS

nY 15800 J = ), ¥YIARGS

NHEC = 1A (I=1)+¢TARGS*(id4=]l)¢J
ARITT (2%4RFC)Y MG

TATE L.
[HI R & S LS
G) T dAny?
LATYS = YAl uSel
1E («TAPS -4, V) &2 TO 11100
[yve T EITFR STATUS CHALGE I i#JRIAMLIG,7

Gu T3 321
nTARS = I(TARSe}

rne f91la+inT sectinn insurns that orovanilities of hit are calculated
for all zoroinations of tirers, aim points and tarqets possidle,

Tmese prooabilities of nit are stored noth {n the Jata nase and in the
PTARMIT asrravy,

LN 12100 INXFIR = 1, NTARS
IF (4aTYPECIDXFTR) K2, 7) GO TO 12100
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iy
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1130¢

11400

11506C

11500

{1700

113¢0
L1900
123950
12100

12200

12300

€3¢3 102

12400

12590

12000
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aF = IuMTAR(CINXerTR)
DJ 12990 IuXals = |, VATHPRY
NAY = MNALUERY(IDAFLIR, IDXALHY)
IF (NAY &3, 06) GN 72 12109
NAVSAYE = M
OC 11990 1D4ATAR = {1, 4THITGA
HAYM = NAvSAVE
N1 s LiAITSA(CIAM, IOXTAR)
IF (8T ,£%9. 9y @0 Iy 12300
SREC = “TYAR(iF=l)+4vTARGSS(NAM=])¢NT
READ (¢?LRECY 274
FTR4AT (#i0,7)
IfF (P74 +ine =1,9) GJ TI 11300
DY 11400 J = 1, ~AIAS
IF (nUMATYP(Y) .EQ, WA%) GO TO 11500
CONTIAYS
TY?E ¢, ®AI% pOInT *, vAM, ° CQULD 0T BE FOUID,”
G TU 13319
LRI
0 11k [ = ¢, %NTRARS
IF (“UH4TAR(T) =26 %C) GO T 11700
CILTI suw
[YPE *#, * TAR;aT: %, NT, ° COJLO MOT 8E LNCATED,”
G 70 13900
T = 1
CALL CETPTH
nCITE (279%eC) PIY
OTARRITOILATIN, [D4ALIY, [2XT4R) = PTH
ca.v.Ue
CHiITI e
CHATIGIE
JT =1
«2ITE (3, 12200)
FURTAT (°1°)
AZITE (3, 12300)
FYIVAT (° TARGET CvATA:’)

»rirte tzarjet and aln point data to outout flle,

% 12792 1 = t, TAaPs
IF (U AT, 8TR2RS) GI TO 12599
"1TS (3, 1724003 Mu¥ra0i), C(ITARDIS(I, J), J = 1, 5), (TARCHAR(I,
J), Jd = 1, &), »TYPE(L), HRQINDS(L), EVENITN(I),
(AALAPRY(Y, J), J = 1, 4AL4PRY), (NTCOLAT(I, J), J =1,
3 YTCOLAT)
FORwAT (1x, 13, 1X, 542, tX, 6(F7,3, 1X), 12, 1X, 14, 1X,

A) -

1 F1.27,
2 1x, 34, 1Y, 19X, 1X, CHMIvPRY>({I3, 1X), <HTCOLAT>(1x, 13))
G) T 12709
JP = [=KTARS
ARITE (3, 12990Y 204TARCIY, (ITANNES(L, J), J = 1, S), (TARCHAR(I,
1 J)o Jd = 1, 8), MaT¥PI(1), YRIUWDS(I), EVENTTM(I),
ISTATJYS(JT, 1), STATIUS(JT, 1), STATUS(JT, 2), (NAIMPRY(I,
3 J), J = 1, "AT¥FRY), (ITCOLAT(I, ), J = 1, MTCOLAT)

FORYAT (11X, I3, 14, SA2, 1X, 6(F7,3, 1X), 12, 1%, I4, iX,
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Pl abdin 4

12700

12300

12900
13600

[SRSRS NS

13470

13500

13500
13700
13910
133950

14000
14100

14209
11300

14420
14500

14690

134790

. e
1 FT1.,2, 32x, 13,
? X, 3Ix, 1y, 1o, t
CONTINUE
ARITE (3, 122n0)
+*ITE (3, 12800)

FORMAT (7 agMm POLST DATA:®)
03 t3200 1 = t, Hal+48
wRITS (3, 129090) “UMATMR(I
1 (RAINCHASCL, J), J
FIORMAT (1X, I3, IXx, Sa2, 4
CONTINJE
=2ITE (3,
JI = Jr+t
NTARS = KXTARS
NMSTATCS = +STATCS=1
D3 13200 1 = 1, MGRGUPS
DI 131ud v = 1, MTARGS
ITGROUPC(J, 1) = 0,9
CYITLiWWE
TLE
eJie =1
(TAPE L0,

12299)

chid
iy

S) 6J) rd 13410

Read -“ptinrnal tarcet <rounings
after si™nlarion {s camplate,

ReAN (1, ¥, EPR = 14220, END =
GJ TQ 13549

TiPE &, WJARER OF 1ARGEDTS (N
rad (5, #, 2% = 13410, FAND =
V2% %, © TARGETS FIR LHICH CO
1 OISPLAYED?

RAAD (5, *, EaR = 135997, v =
1 AT NG

G r0 13790

2EAD (1, *, FRR = 14209, €40

OrGRJUP = NTGRP)L

IF (NIGRIP ,LE,. #GROYPS) GO T
AT3IRUUP = HTGrINP =1

CEN K

JiR=zla =t

wE TR

“31re (K, 14190) C(IAMFICF(T),
Fin AP (® ERROR 22146 FILE:

GJ) TH 13960
ARITE (6, 14300) (W 4ZI0OF(I),
FORAT (° ERRIR READING FILE:
37 10 133900

vITE (5, 1+S00) (I3SEIDF(L),
FIRWAT (% ERRIR = ZTIF EHCOUNTF
33 19 13900
ARCTE (», 13199)
<7 10 139200
“riTE (A, 14197) (i e lOR(l),

(NAHEDBF (),

LTS At e A v Ly

=1, 4,

i r AT\ “RAEARACR I BV s D - D e

201X, F7.3)/,

K, CHAATYPRY>(I3, 1X), <HMTCOLAT>(1X, 13))

), (IAIHDES(II J), J = 1, 5),
(NTHITGA(I, J), J = 1,
F7.3), <MTHITGA>(1X, I3))

MTHRITGA)
(1x,

for conditional probabllity calculation

13300) NTING

AROIP2®
13300) ~TIiG
“LFINIAL PROBARILITY SHOULD BE *//

13500) (I(3ROLUP(L, NTGRQUP), I =1,

14400) (ITSROUP(I, MTGROUP), I

0 13390

I=1, 5
*, 5a2)

I1=1,9%5)
‘s 512)

I =1, 5)
RED 04 %, SA2)
131, 5)

1 =21, 35)
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G2 TO 13909

13890 #ITE (R, 14100) (JAWEADF(I), 1T
G OTO 13990

11299 AITE (5, 14109) (La¥SY2F (1Y, 1 = 1, 5)
G2 rg 13990

iy

1, S)
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€305CR Q1)

(Y n

110

200

390

SUHIVITINEG SFATCAS

PURDNISE < Suproutine 3TA[CUG (s used tno scheduyle a target status
change st Iroud of tarjet status caranjes, A taroget status
change {s a nodiffcation to the current qualities that
dafine the taryat te tae nodel, Aany of tne items which are
associated +{ch a target in tre taraet 4ata pase may be
modified, Examoles Ot rodifications {nclude:

1) chanae in tarqget size or shaoe,

2) i{ncrease or decrease {n the arsount of ammunition
avallanle, )

3) selection Of news Wearon tyre,

4) cnanje {n attack or defense force strateqgy,

$) cnange in aimrina time or ~eaoon firiny rate, and

6) collateral damage eftfects,

Status cnannes will be perforred hy tnhis routine until the
tire {n ~nicn tne naxt status cnange to 9ccur(STMIN) would
exceed tas tine ot the next firiny event,

I.CLUDE ‘v INC”

ChLandN /LA NOMTAR( Y TARGS)
TN /L2277 JEAIRMR

Cra*q /4237 TH4aXK

Cio4v0N /1,257 TARS

Cunttds /L2977 NF

Ca»04 /L3S/ THAIN

Cot.40 /L3&/ ISTATJS('STATC, )
T 4404 /L3T/7 STATUIS(ASTATR, 2)
Cuivdy /L3R/ NSTATCS

C34n0Y /L3397 IDAFTIR

Chmnde /L4227 4STATC

CI440% /70L83/ STL~

Search the status change array to determine tne index of the last
taraet "aving miainygr status change time, The {niex of the next tar=
a8t to Jdnjeruo a status cnang2 {s stored in NSTATC and the time at
wnicn the status ¢nange occurs {s storeda in STMIN at comwpletion of the
fol10+413 1900,

09 300 1 = 1, NSTATTS
IF (STATUS(I, 1)=SE%Iv) 2n0, 300, 390
ST4IV = STATUS(I, §)
WSTATC = I

CONTINYE

1f the tine at «nfch tne rext €irin? event 1s less tnan the next
status cnante tive return to orncess firing events,

IF (T*1% ,LE, ST¥IV) RETURN
nF {8 the nurcer of the target «nich {s to he changed, This will be

considered the ol4 target nurber, wnen the status change is made, the
ol3d target nu~oar in “F {s cnanaed {inailcating that tne status change
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«as conNnleted,
MF = ISTATUS(NSTATC, 1)

uocate the index of tne old tarzet numwner {n the NUMTAR array, 1If
tnis tarjet c¢an not ne found, an error occured in the initial input
-jata and an error messaue {s orinted,

0J 400 IDXFIR = 1, NTARS
IF (NF .EJ, WUYTA¥(IDXFIR)) GO TO 600
COINTI UK
wRITE (6, Sud) ~F
FIR AT (7 STATUS CHAMGE FOR JARGET *, I3, ¢ IS 4Or POSSIBLE.’)
STIp

Suoroutine TARSAEC (s called to nodify desired paraneters associategd
aith the o0ld target nuwher, and assign the new status change target
nuapner indfcating tne tarJet status cnange nhas oeen sucessfully
cotoleted,

Ine tine nf the next status cnange Is set greater than the total sime-
ulation tive forcint 3 new Tinimum status change time to pe selected
oefore S[ATCH; returns,

STHIN = T*aAX41,9

it an error has occured previously in TAREXEC, oranch to determine the
tire and tarcelt nurtuer for the next status cnanije,

Ir (U<SR%32R LEJ. 0) G0 T} 100

e LURG
gD

T = T e
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[P REXS]

€2¢r()

SUBRIJTINE TAREXEC

PIRPCSE ~ Subroutine TAREXEC is called to modify desired parameters
associated witn tne old tarqet numper, and assign the new
status cnanade nurnher indicating the target status change
nas "een successfnily cormpleted,

INCLUDE *#,IAnC?
Co¥wON /LS/ SVENTTH(MTARGS)

CIMWON /L6/ AMUMTAR(TARGS)

CJ440N /1,7/ ITARDES(YLARGS, S5)

Ciah0Y¥ /L,8/ TARCHAI(MTARGS, 6)

TIa%G4 /L47 N-TYPE(-TAKSS)

CamOy /L1007 HROUZDS(YTARSS)

CIW¥QN /L11/ ATPRY(“TARGS, MA[¥FRY)

Ci4v0WV /L12/ HTCOLAT(MPA#GS, %1COLAT)

COSwON /L13/ UHAFAR(4ALI%DTS)

CINACy /L1677 STHITGA(YATIVOTS, YTPHITER)

Ca%0V /L19/ BTAR~IT(-“CARGS, “13AI“PRY, MTHITGA)
Cu*~34 /L¢2/ JEKRROR

CNevay /U257 " TheS

Cuwv8.i /L26/ “ALIMS

Co=alY /U297 . F

Cuvadi /LsCG/ A9

Ca»*2e /U317 T

Cram)y /U327 PTd

C3++D% /L3867 ISTATUS(YSTATC, 2)

CUaMG i /U377 STATHS(HSTALL, 2) .
/1,39/ 1DXFTR

7427 4TYA :
/LA17 IDXALY |
/L42/ 'SHATC 3
/L43/ STHTY
/5,437 1IDXTAR
JACEGPF,

NAMEIOF, AwEDBF, NAMETOF, NAVEADF, TAIMDES,

Jrtalin the 214 tarset ngmner nolntina to the target information whicn
xas previouslv usea in refsrence to tnils target,

LSEALD = ISTATUS(SSTL1C, 1)

Ootaln tne new nu-nar wnich will te used to access the taraet {nfore
Taclon after tne status change nas ogfcured, This numoer s used by
TAREX®C to locate the 7ata {n tne target Jata vase wnlch replaces data
nbtsined oy referencing tne old target numbder,

NELEN 2 [STATUS(“STA1C, 2)

T T e A ST O PN N P Ve <

Set aF to tne new faraet nyrbher,

pepm——y

NF = NFYEW

Read Information associated sith nes target numoer, i
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LU " S

'~y

€EDT2T24D ()

Y212 €3€2¢D €20

(3¢€3¢3 0} €2y (e3¢ €363¢2¢€2€2¢) €(2¢rt)

[(R XSRS}

100

200

300

READ (4°NENFw, 100) (TAQCHAR(IOXEFIR, I), T = 1, 6), WNaTYPE(IDXFIR),

1 SRIUNNSCIDXFLIR), SVTTTIR, (HAI4PRY(IODXFIR, I), I = 1,

2 MATYPRY), (NTCOLAT(IDXFIR, TI), I = {1, MTCOLAT)

FCRvAT (3X, 1uX, 6F7,3, 12, 13, 7,2, <*AIMPRYDI3I, <MTCOLAT>I3)

A «earon type of zero fnoticates that this w~eavon cannot fire(ie - tnhis
is a raterial type targest such 3S a truck, et¢, and not a personnel
target). It this is a r~averi{al tyoe tarjet, oranch,

IF (NATYPE(IDAFIR) ,EJd, Q) 30 T2 1100

It rthe time before the next olayer fires i{s greater than zero, schedule
tnys firer fnto the jueue of olayvers walting to fire oy entering the
oresent tite at a#nich tne status change {s occarina(SIMIN) plus the
tine nefore tne plaver fires his first Snot(STATUS(NSTATC,2).

IF (STATUS(%STAIC, 2) ,GT, 7,0) EVENTTY(LDOXFIR) = STMIN+STATUS(NSTATC,
1 2}

Thne €f0lln~ing sectisn (asures taat all srovbabilities assoclated with
tnis nas firer firina at tne tariets shich ne can hit are correct,

ToXA1t Is ased AS an {naex to svecifv a particular aim roint shich the
firer can fire at, 1DX21¢ {s set to | initially to sdoecify the first
a1r onint,

Ioxar4 =

Jr.tala tnhe ai™ cofint nmruTner,

Pac o= JATNPRY(INXSIR, 12XATY)

It tne ain point nurther s zero, this {ndicates tnat all aim points
«rjrcn tne firer car fire at nave neen exanined, In this case the
oranca is taken 3an3 all oronmani{litias rave ceen fo2und «hich involve
tnis tirer tirins at ntrner tatrqets,

IF (nan &3, 2) G 7D 119v

JtXraR 23ines to frre rext taraet «nicn can ne nit oy firing at this
ain onfat(vAv),

Iaairdd = 1
4t 1{s the tarnet nutter of the target wnich can bde nit,
1Y =2 GTATITIGRA(C.A, LDOYTAY)

n*=2n {ndlcates 2l) rtargats snicn tay ve hit by tiri{nqg at aim point NAW™
nave nean fnvastizatex and orovanilities of hit have been Qqenerated,

IF (#T L€, 9) 50 T2 1029

l"v’iEC 138 tne recor~” rnu~oer {n the srobability data base of the record
containing the praranility tnat tne firer(ys) fires at aim point nAM
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e N P . /]
o and hits target u7, ]
}; NREC = dTUAS(IF=1)+ TARGS#(“AN=1)enT !
ot Tne orotability of hit {s stored in PTh,
; READ (2°4REJ) PTH 3
£ 400 FORMAT (F10.7)
2 E:
e bof =1, is used as 3 special f1ag «hich indicates that the probadility
Lj < of hit has not oeen calculaten oreviously., [f PTH Is not equal to
< -1, it 13 assuned trat {t contains the correct probability of hit. .
] IF (PTH , F, =1.,0) G0 T2 299 1
< Locate the index of the tarqget antch may de hit {n the NUMTAR array,
p < [f tne target c¢nuld not oe found, an error nas occured in the {nput
! o data and an error tessaze {s printeid,
Al 07 500 I = 1, 4YTAKS
! IF (W0 {ARCI) L£9. %T) GO [N 690

500 CONTIJUE
TYPF %, ¢ TaKGET: 7, 4T, * COULT ~0T 4E LOCATED.”’
30 TO 2400

T 1g redefined as the {niex of the tarset which may be hit,

20242

600 1T o= I

Locate the {ndex of tne alr print ({n the VYUYATME array, JI¢ the index
could not de& founs, an error ressane ls orintea {ndicating an error in
inpuyt sata nas respn datactel,

[FRSRES RS NE]

! D7 Y00 g = 1, ‘IAL*S

j IF (HUAAT'P(J) LE3, “A%) G5 T 800
: 706 CMTLUE
TYPS %, 214 POINT *, NA#, % COJLN 40T ZE FOUND,”
GG T9 23810
“ s ;1AM 1s redefined as the index of tne ain point in the NUMAIMP array,
- 3nn uae = J
f b GFTPTH 1s called to ontain the orooasility that firer NF fires at aim
o polnt ahaA1'P(4AN) and nits target NUYTAR(MT),
E | ot
! CALL GETIP(H
- o
- Store the nrobanility of nit Into the data base,
wRITE (2°4REC) PTH
< Store the procarfility of hit into the PTARHIT array for use by the
< main program,
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900 PTARHIT(IOXFIR, INXATIY, LOXTAR) = PTH

) o The index to the next tarnet eshich may be hit by firing at this aim
13 bof point is incrementeq,
IDXLAR = TOXTAR+]
ot I1¢ tne index aoes nnt exceed the naximum nunber of targets which ray
i < pe nit by firinag at a aiven aim point, tranch to determine probabllity
) o trar tnls taraet is nhit,
o IT (IDXTAR ,LE, “THITHA) GC TI 300 ]
™ ~
§ - < Increnent {ndex pointina to naxt aim voint anich firer may choose to
R < fire at, probabilities of nit nave peen determined for all targets
i < aricn 73y nave been hit oy firing at the orevious aim point,
) 1300 [XAT ' = TOXKAIM#L

[f the nunter of aim oolnts exanined is less than or equal to the max-
{mum nurher of air coints allosed, branch to ootain orobabllities of
hit far 3all taraets associated sith the next 3in ooint, otherwise all
aim ool-ts have peen exaxined and proparlilities of nhit have been de-
terminer £or ail taraets which the firer may hit,

€183C2€2¢C2¢€2¢)

IF (I2XKAT4 ,LE, mAL-PRY) G2 TO 200

Tne f£721loxing section insures tnat orobabilities of hit nave been
flyund for all firers snich can it tnhis target, where “this target”
refars to tne tar:et underoo{ng tne statys chanje,

S5Aave tne [ndex of tris taraet,

€(2€2€2¢€203020)

) 1100 TURYSV = TDXFIR

[°YFIX is used to index tre next firer ashich can hit the status change
tariet,

(R ESRERS]

1oa®IR = 1

1f tne +e3con tyos of this firer is O, this tarqat cannot fire, hence
it s {nored nacanse {t carndot nit the status ¢nanje taraet,

-
€2€3¢2¢2

129¢ IF (yTIPECICXKFIR) (&4, 0) GO (0 2509

Jotain the tirer nutoer for the firer {ndexed o5y I[DXFIR,

€331}

M a3 WUATARCIDKFIY)

Iunore axarination 3¢ tne taraet which Aid contain the old information
cefore this status chanae »as verformed,

€r¢rt210)

I (NF ,EQ, NMFOLD) GO TJ 2500

[B NS ]

Search througn alti of tne tarsets ~hich may oe collaterally damaged by
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NICQLAT(INPXFIR, 1) 5 wFNHEw
1300 CINLIUR

! < nitcting the target nointed to by INDXFIR, Make sure that if the status
¥ oy cranJye tarqet is one of the taroets »hich ray be collaterally damaged,
jod tne orobanility of nit nas been calculated,
H LG 1300 I = 1, “ICOLAT
< Obtain the in<ex nf the next collaterally 3amaged target,
NIC = NTCOLAT(IDXFIR, I) 1
{ < If all collaterally daraged targets have oeen checked, branch,
. [F (NTC FQ, 2) GN TO 1400
I .
; < ITnore examination of tne target which d4i{d4 contain the old infor- ]
“7 < mation pefore tnis status change +3s oerforved,
¢ IF (NTC nE. "FOLI) GO TO 1300
& ot
k. | < Store tne new status chanie tarJet numoer in place of old target
' < numser in conllaterallv dananed target array.
- <
B
A
/

Tatis seaction insures tnat {¢ this firer should fire at an aim point and
and nhlt the status cnanje taraet, rthat the orohbanility that the status
cnanje target s nit nas ceen computed nreviously,

[nxaf4 is {nfctlally sat ta t, o~intling to the first alm point wnich may
be nit oy tnis firer,

(NI CICICNCNC]Y

1400 IOXALY = 1

’ é Jrtain the aiv pofnt nu-ber, ‘
; T1500  naw = NAI4PRY(IDXFI®, IDXAIY)
: E It the af{= coint i{ndex {s zero, all alm points w#nich this firer mway é
j E select nave veen exarined, E
¥ i 17 (484 L¥0, 2) GN TC 2500 ;
! E The {ndex to the nutoar og tarqets(tDXTAR) #hich =av be nit by firing ! :
E at the current ain noint{vA'1) is initlally set to 1.
: IOXTAR = }
E The tariet number of the next tarjet shich may oe hit is obtained. é

1600 MT = NTHITGA(MAM, INDXTAR)

The branch 1s tacken after all targets which may dbe hit by firing at
this aim ooint nave been exarined,

(2€303¢)
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[FRANS)

£23¢3¢)

€2€2¢2¢2¢)

“naaa

3¢30)

1700

1860

1900

2000

IF (KT ,£3, 0) GO TO 2470

If this taraet nunoer does not match either the old targer number or
tne new status chanae tar-set nuwper, then branch, We are only inter=
ested in verifying orooapilities of hit assnciated with tnese target
nuiners and cnanginad tne old taraet number to tne new target status
cnhange aumber,

IF (nT «NE, MFOLD .AND, NT NE, JIFNEA) GO TI 2300

w3ike Sure tne new tarqet status cnange nunber replaces the old target
numner in the NTHITGA arravy.

NTHITGA(NAY, IDXTAR) = NFMEWN

Deternine the record nuvber of the record containing the probability
thrat tnis new status chanaJe tarqget Is nit,

“KEC = AIMAXK(LFa)] )+ “TAFRGSH( iA’a] )+ FVvFa

Read the nrobability that firer “F fires at aim point NAM and hits
tne nea status cnanle taraget “FiEd.

R2BD (2°MREC) PTH
FUR AL (F10.7)

Aranch 1€ the oro=anflity of nit has »een previsusly determined,
LF (PTd , IF. =1,0) G3 IO 2200
4ake Ssure tnat 5 contains the nl4d target number,
IF (NT .89, HENEA) T = “FOLO
#in4 the index ot tnhe 2514 tar~etr numcer in the YUMTAR array so that
t~e n2~» Statuys chanie tarnet ayr~per xav be entered in place of tne
old target nurber in tnis array,
JJ 1820 [ = 1, *TaRS
IF (NUMTBR(L) ,%2, iT) G0 TI 190D
Chi=Tl lde
TiPF &, * TARGET: ’, uT, * COULD MOT 3£ LOCATED.’
LY 19 2990

set 4T to tne {ndex {n the array NUMTaR oointing to the old tarqet
nUMber,.

ulT =t
Ootain the i{ndex of the ain ooint number Iin the NU4AIMP array,
OU 2000 J = 1, “AL<S

IFf (NUMATI#P(J) LEQ, MAM) 30 TO 2100

CONTINUE
TYPE ¢, “AIv POINT °, Nav, ° COGULD NOT ZE FOUVYD,’
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GJd TO 2300
E S Set NAM to the index of the aim point being fired at in the NUMAIMP
: < array.
2100 NAYw = J
- o Revlace the old taraet nurcer »itn tne new target status change number
f 2 in the NUNTAR array.
~
Y NUMTAR(NT) = NFUEW
k7 b GTTPTH ts called to ortajin the new orobability of nit for the firer NF
. < ainming at the air ooint tndexed oy VAM and hitting the new status
b of fod change targat indaxed dy WNT,
i <
‘_i CALL GEIPTH
; i ot Store the old tarJst nuvber 0ack into the NUMTAR array so the oriqinal
of < target nurcer will oe orintei in tne sirulation outout, This staterent
;! < snhonld oe removed snen orocessing nore than douole level target sub=
b, | ot stitution(ie - when one tarzet assynes more than two positions during
{ o} the siaulation,
o <
P NITUTAR(AT) = NFILO
l o
j o store tne nesly ortained orobabflity of hit into the probabpility data
' < vése angd Prax~sIT arravs,

#8LTE (2°-PZC) PTH
2200 PYTARALT(ICAFI®R, JuxAl¥, IDXTAR) = PTH

Incretent I[OXTAR to n0int to the next taraet which nay be hit by firing
at this alr roint,

(2C2¢2 ¢

2300 IDATAR = [OXTAR+}Y

“"
." -
E | 2 It [0XT43 fs less taan or ejual to the naxt target «nich may he hit by
E ! s firinag at tails af~ coint oranch to check {f tnhnis target number matches
yl 3 eitner tae 9511 tarqet numser Ar the new status change target number,
" < 1t IDOXTAR {s Jreater than the Taximum nunrher ot taroets which mav pe
; 3 nit, all tarcets associated #ith this ain po1at have been checked,
IF (IDXTAR ,LE, WIHITGA) GO TO 1600
< Increment INXAI4 to coint to the next aim point which may be selected
< by this ¢irer,

2400 IDXATY = IDYAIvH]

tf the nuwrpoer of aiw voints examined {s less than or equal to the max-
{Tum nunrper of air coints which mnay oe selected, branch to orocess all
taraets shich may %e¢ hit oy tiring at ctne next aim ooint, If not, all
aim ooints have oeen examined for tnhis tirer,

€340¢24€D2¢C20)
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Increanent tne nuymner of firers which nave oeen looked at,

[OXFEIR = TOXFIRe1

Tf the number of firers {s less tnan or eaual to tne total nurber of
targets in the siwulation, oranch and cnecx to see shether the next
firer could nit tne new sStatus cnange tariet, If not, all oossibile
firers have peen examined and oroocacilities 9f another tirer hitting
tne new status chanae tarvet have oeen correctlyy ontained in the
ororanility data nase,

IFf (INXFIR .LE, %TARS) G2 TO 1200

4axe sures that All ol4 tariet nunbers have peen replaced with the new
tarcet status cnandge number {in tne array containing tarqets wshich may
be nit ov firina at a qiven air o0int, ~THITFGA, Tnis is necessary
since the firers axanined {n the anove section may not fire at all
aim onints in tne array aad tnus tne target numpers associated «itn
these alw pnints mave not been cnecxked,

Loov for all oossible aiw soints,

oM 2790 T = 1, AL4S

Laoo for all oassiple tarjets ~hich wnay ne hit vy firing at aim
c3i1t ingexed sy I,

D 2300 J = 1, ATHTITIGA
Jntain the taraget aamscer in AT,
MT = MTMITGA(I, J)

If all targets wnicn could oe hit »y firing at this aim point
have hesein Snecxed, tranch to exarmine next ailm noint,

IF (4T .E%. I) GJ TO 2700

If *n2 target nuroer {s not eiual to the old tarqet number,
sranch and abtain the next target nunher associated <ith this
a{» ooint,

IF (NT N9, AFOLD) 20 TO 26000

Store the new status change taraet number in place of the old

tarset nuroer,

NTAITGA(IL, J) = NFNEW
CINTInNLE
CHHTINUE

Store the nax statis chanize target number in place of the old target

o Bt Vil 4

dadciatitin
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numner {n the MNJwral array,

(O

SUNTAR(LDXF3V)Y = FuEd

4011 fv tne olJ taryet’s srtatys chanje time, {ndicating that the status
c1anie 1s comolete and the old target will not change status again
duriny the sirnulation,

C203€¢2¢€2¢)

SIATJ3(NSTATC, 1) = 9999.9
RELURA

JERRIR = 1

RETIRN

KD
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APPENDIX D

GENERATION OF SHOT HIT POINT

Several factors exist which effect the ability of a firer to hit a
particular target at which he may be aiming. Factors effecting a firer's
accuracy may be jointly combined to define a probability distribution function
which describes the expected dispersion of shots fired at a particular aim
point. Accuracy of each weapon type modeled by SAS is defined by a radius
(r). The radius defines a circular area centered around the aim point within

which one half of all shots fired are expected to land (refer to Figure D.1l).

Each shot fired at a particular alm point can be considerd to penetrate
the target reference plane at a distance r from the aim point (or origin) at
an angle 8. The angle 8 is measured from the horizontal as shown in Figure
D.2. The assumption is made that the firer is equally likely to miss the aim
point in any direction. For example, refering to Figure D.2, the probability
that he hits above the aim point is equal to the probability he hits below the
aim point. By assuming the probability of hit is equal in any direction, the
figure could be rotated at any angle, and the probability of hit above the aim
point would equal the probability of hit below the aim point. This assumption
implies that 8, the angle in which shots are expected to hit around the aim

point, is uniformly distributed over all possible values 0° to 360°.

The distance from the aim point to the hit point (r) is generated by
selecting x and y coordinates each from a Gaussian normal distribution having
mean Y4 and standard deviation 0. The density function of the normal random

variable x is expressed as:
x-u)?
1 0-1/2{ 5 }
Jana

Since the probability of hit is equally likely in ény direction, the mean

n(x;u,o0)=

value for both x and y is zero, and they will possess the same standard
deviation. By assuming that the coordinates x and y are independent, their

joint density can be expressed as the product of their individual densities.
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AIM POINT

Z(Number of shots hitting target)
Total number of shots fired

P(Target is hit)=

— e — ot ho L) . akiz

2
=-5 = .33, for this example.

where,

r = Defines the radius of a circle around the aim point within which one-

half of all shots fired are expected to land.

* = Denotes a sample hit point selected at random.

Figure D.1 Illustration of Aim Error
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AIM POINT

where,

r - Distance from origin to hit point.

© =~ Angle of hit point from horizontal.

Figure D.2 Hit Point Expressed in Polar Coordinates
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Thus,

_{x’+ y’}
a(x,y;0,0)= 21 e 20°

mol

This density function can be expressed in terms of polar coordinates

(r,08) by use of identities:
2 2 2
r =x +y, X =rcosd, y = rsinb, and dxdy = rdrdo

The density function in terms of the distance r from the aim point is
given as :
2 2
r e(-r/ 242)
f(r)— _0’2

The density function f(r), known as the Raleigh density, is integrated
from 0 to r to obtain the probability that a particular shot will lie within a
distance r from the aim point. Performing this integration from 0 to r, where
the value of r is the distance from the aim point within which one half of all

shots fired are expected to land, allows ¢ to be expressed as a function of r.

r
P(shot falls within r of aim point) = f f(r) ar
0

-1
7=T\/2 In(s)
o= 0.8493r

Thus, selecting x and y coordinate values from a normal distribution
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having mean U = 0 and standard deviation O = .8493r will insure that one half
: of all shots fired will land within a distance r from the aim point.
b
¥ To have the computer generate x and y shot coordinates, random numbers U1
5 and U2 are generated by a standard random number generation algorithm. U1 and ;
]
3 U, are selected uniformly from the real interval [0., 1.]. These uniform ;
random variables are then used in the following expressions (References 1 and
‘{ 2) to generate variates which are normélly distributed with variance O =
3 0.8493r and mean Y = 0. |
3 x=cos(270,)V -1.6986r1og(U,) :
. :
g !
r? y=sin(2ﬂU2)\/-1.6986rlog(U1)
f-i The x and y coordinate values are added to the x and y coordinate values
;f of the aim point to position the shot hit point relative to the origin in the
i target reference plane. The shot hit point is then checked to see whether or
n not it penetrated the rectangular target area. If so, a hit is registered.
b . If the weapon has a‘'non-zero lethal kill radius, the distance between the

n impact point (hit point) of the weapon round within the target reference plane
] and each corner of the rectangular target area is calculated. If the distance

between the hit point and any target area corner is less than the weapon's

maximum lethal radius, a hit is registered.

. .
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